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INTRODUCTION

The Space Transportation Propulsion Technology Symposium (STPTS) was held
at the Pennsylvania State University in University Park, PA, June 25-29, 1990.
The Symposium consisted of a two-day plenary session, a one-day breakout
session for the meeting of four individual panels, and a concluding morning
session for the presentation of panel summary reports. In addition to the
Symposium, the Second Annual Symposium of the NASA Propulsion
gngineering Research Center at Penn State was held concurrently on the third
ay.

The STPTS Executive Summary, NASA Conference Publication 3112 Volume 1,
contains the conclusions and recommendations of the Symposium participants as
well as a description of the Symposium activities. The Symposium proceedings
are organized in five sections and are contained in NASA Conference Publication
3112 Volumes 2 and 3.

Volume 2 of NASA Conference Publication 3112 includes Section 1, the plenary
session presentations, and Section 2, the Second Annual Symposium of the NASA
Propulsion Engineering Research Center at Penn State.

This document, Volume 3 of NASA Conference Publication 3112, contains the
remainder of the STPTS proceedings. Section 3 contains the panel summary
reports, Section 4 contains the papers and briefing materials presented to the four
panels, and Section 5 contains the list of STPTS participants. Volumes 2 and 3
also contain the STPTS agenda, a description of the topics discussed by the four
panels, and the table of contents for the other volume in the appendix.
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AGENDA

SPACE TRANSPORTATION PROPULSION TECHNOLOGY SYMPOSIUM
The Pennsylvania State University, University Park, PA 25-29 June 1990

Monday, 25 June

4:00-8:00 Registration: Badge, Agenda (final), Preprints, PSU Staff
Banquet ticket, Visitor info, etc. (Coffee
available)-Lobby, Nittany Lion inn

5:00-6:30 Social Mixer - Ticketed Participants & Guests- PSU Staft
Colonial Room, Nittany Lion Inn
6:30-8:00 Dinner -Open Evening All
Tuesday, 26 June
7:00-8:00 Breakfast: Waring Commons (Registration PSU Staft

Continues- Lobby, Kern Graduate Center)

PLENARY SESSION- 112 Kem Graduate Center

8:00-8:15 Welcome and Announcements R. Jacobs, PSU
8:15-9:00 Symposium Overview
-Call to Order, General Chairman’s Remarks R. Schwinghamer
-Co-Chairmen’s Comments C. Vaughan, W. Wiley
-Headquarter's Perspectives D. Branscome
9:00-9:45 Keynote Address- James R. Thompson, Jr. All
NASA Deputy Administrator
9:45-10:00 Break (Beverages available)- Lobby, PSU Staft

Kem Graduate Center
10:00-12:30 Development of Symposium Themes

-Space Exploration Initiative C.C. Priest, NASA HQ
-National Space Transportation Strategy D. Branscome, NASA HQ
-Maintaining Technical Excellence T. Davidson, AlA
-Operational Efficiency - New Approaches R. Rhodes, KSC
to Future Propulsion Systems ~ G. Wong, Rocketdyne
12:30-1:30 Luncheon: Waring Commons PSU Staff

PROPULSION SYSTEM OPTIONS: Systems/Requirements Input to Panels

CURRENT SYSTEMS - Input to Panels

1:30-1:50 Expendable Launch Vehicle Propulsion P. Fuller, Rocketdyne
1:50-2:10 Shuttle Propulsion Systems R. Bardos, NASA HQ
2:10-2:50 Upper Stages/Propulsion C. Gunn, NASA HQ

J. Brown, P&W
2:50-3:10 Satellite/Spacecraft Propulsion M. Dowdy, JPL
3:10-3:30 Break (Beverages available)- Lobby,

Kern Graduate Center
NEXT GENERATION - input to Panels

3:30-4:10 Shuttle Derivatives - Manned W. Ordway, JSC
Unmanned U. Heuter, MSFC
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4:10-5:10

Solids

5:10-5:30 ALS

5:30-5:50 ENVIRONMENTAL CONSIDERATIONS

6:00-7:30 NASA Propulsion Engineering Research
Center at Penn State- Facilities tour foliowed by:
Social Mixer: Wine & Cheese (Shuttle Buses will
operate between Kern and Center facilities)
Dinner on your own

Wednesday, 27 June
7:00-7:50 Breakfast: Waring Commons (Registration

7:50-8:00

8:00-8:20
8:20-8:40
8:40-9:20

9:20-9:40
9:40-10:00
10:00-10:20

10:20-11:20

11:20-12:40

12:40-1:40

1:40-5:30

Booster Propulsion - Liquids/Hybrids

Continues- Lobby, Kern Graduate Center)

PLENARY SESSION- 112 Kern Graduate Center

Announcements

NEXT GENERATION - Input to Panels (Cont'd)

AF Space Systems Propulsion
Unmanned Launch Vehicles/Upper Stages
Space Transfer Vehicles

Advanced Manned Launch Systems (AMLS)
National Aerospace Plane (NASP)

Break (Beverages available)- Lobby,

Kern Graduate Center

FOREIGN TECHNOLOGY - Input to Panels
- Japanese Technology

- Russian Technology

- European, Other Technology

FUTURISTIC SYSTEMS - Input to Panels
- Nuclear and Solar Electric Propulsion

- Nuclear Thermal Propulsion

- Fusion Propulsion

- Advanced Propulsion Concepts

Luncheon: Waring Commons

BREAKOUT SESSIONS

PANELS CONVENE- Various rooms,
Willard Building (See enclosed map)
Note: Computer chart making support
available - 101A, Kern Graduate Center

U. Heuter, MSFC
C. Clinton, MSFC
R. Lund, Thiokol
J. Monk, MSFC

J. Jatko, NASA HQI
PSU Staft

PSU Staff

D. Hite, AFAL

C. Gunn, NASA HQ
F. Huffaker, MSFC
B. Tabata, LeRC

D. Freeman, LaRC
M. Tang, NASA HQ

C. Merkle, Penn State

R. Jones, Rocketdyne
E. Rice, Orbitec

D. Byers, LeRC

G. Bennett, NASA HQ
N. Schulze, NASA HQ

R. Frisbee, JPL

PSU Staff

Panel Leaders and
Members
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3:15-3:30

Break (Beverages available)- Lobby, Kem
Graduate Center & 2nd fioor, Willard Building

5:30-6:00 Resolution of Issues (if Required)
6:00-7:00 Social Mixer- Lobby, Days Inn
7:00-8:30 Banquet- Banquet Room, Days Inn
Speaker: Mr. James McDivitt
Senior Vice President
Rockwell International
Thursday, 28 June
7:00-8:00 Breakfast: Waring Commons (Registration
Continues- Lobby, Kern Graduate Center)
BREAKOUT SESSIONS
8:00-2:00 PANELS RECONVENE- Various rooms in
Willard Building Focus: Document Findings,
Summarize, Prepare Briefings.
Note: Computer Chart Making Support Available
in 101A, Kern Graduate Center
10:00-10:15 Break (Beverages available)- Lobby, Kem
Graduate Center & 2nd floor, Willard Building
12:00-1:00 Luncheon:Waring Commons
PLENARY SESSION
2:00-5:30 NASA Propulsion Engineering Research
Center at Penn State, Second Annual Symposium-
Concurrent sessions in rooms 101 and 112,
Kern Graduate Center (See enclosed agenda)
(As AvaiVReq'd) Rapporteur's Perceptions and Critique
of Panel Deliberations and Results
3:30-3:45 Break (Beverages available)- Lobby, Kem
6:00-7:30 Picnic- Lawn of Hetzel Union Building (Inside
HUB it inclement weather)
Friday, 29 June
7:00-8:00 Breakfast: Waring Commons
8:15-9:00 Speaker: The Honorable Robert S. Walker,
U.S. House of Representatives
9:00-9:30 Panel A Reports (to Plenary Session)
9:30-10:00 Panel B Reports (to Plenary Session)
10:00-10:15 Break (Beverages available)- Lobby, Kem

10:15-10:45
10:45-11:15
11:00-12:00

12:00-1:00

Graduate Center

Pane! C Reports (to Plenary Session)

Panel D Reports (to Plenary Session)

Open Discussion, Summary of Conclusions and
Closing Remarks (Revew of Findings, efc.)

Panel Leaders & Staff
PSU Staft
All

PSU Staff

Panel Leaders and
Members

PSU Staff

PSU Staff

Council of
Rapporteuers
(Off Line to Staff)

PSU Staff

PSU Staff
All

Panel A
Panel B

Panel C

Panel D

R. Schwinghamer,
C. Vaughan,

W. Wiley

Luncheon: Waring Commons/Symposium Adjournment
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Space Transportation Propulsion Technology Symposium

SECTION 3.1.1

PROPULSION SYSTEM OPTIONS PANEL

CHAIRMAN:
Co-Chairman:

TOPIC
CURRENT SYSTEMS:

Expendable Launch Vehicles
Shuttle Propulsion:
- SSME, RSRM, ASRM, OMS, RCS

Upper Stages:
- Upper Stage Projects (Solids)

- Cryo. Stage Prop. (RL-10 & Der.)

Satellite/Space Probe Propulsion

- Low Thrust Primary & Auxiliary

NEXT GENERATION:

Shuttle Derivatives
- Manned SDV's
- Unmanned SDV's (Shuttle C)

Booster Propulsion:

- Liquid, Hybrid Boosters
- Solids

Heavy Lift Launch Vehicles:

- Advanced Launch Systems,
ALS Propulsion (STME)

Unmanned Launch Vehicles

AF Space Systems Propulsion

Space Transfer Vehicles:
- Vehicle Concepts and Reqrmnts.

- Advanced Cryo. Propulsion Syst.

Advanced Manned Launch Systems
- Shuttle Il, SSTO Vehicles

- Advanced Rockets

- Combined Cycle Propulsion

NASP

Bob Zurawski - HQ
Eric Hyde - MSFC
Sol Gorland - LeRC

SPEAKER

Paul Fuller
Russ Bardos
Charlie Gunn
Jim Brown

MacDowdy

Wayne Ordway
Uwe Hueter

Uwe Hueter
Rob Nichols
Bob Lund

Jan Monk

Charlie Gunn

Dewey George

Fred Huffaker
Bill Tabata

Del Freeman

Ming Tang
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NASA HQ/ML (202) 453-8739
Pratt&Whittney (407) 796-7770
JPL (818) 354-2182
NASA JSC (713) 483-6626
NASAMSFC (205) 544-8492
NASAMSFC (205) 544-8492
NASA MSFC (205) 544-2681
Thiokol (801) 863-3461
NASAMSFC (205) 544-7110
NASA HQ/ML (202) 453-8719
AFAL (805) 275-5342
NASAMSFC (205) 544-8490
NASA LaRC (804) 864-4502
NASA LaRC (804) 864-4502
NASA HQ/RN (202) 453-2813
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Space Transportation Propulsion Technology Symposium

PROPULSION SYSTEM OPTIONS PANEL

JOPIC

ENVIRONMENTAL
CONSIDERATIONS:

FOREIGN TECHNOLOGY:
Japanese

Russian

European, Other

FUTURISTIC SYSTEMS:
Nuclear & Solar Electric Propulsion

Nuclear Thermal Propulsion
Fusion Propulsion

Advanced Propulsion Concepts

SPEAKER

Joyce Jatko

Chuck Merkle
Bob Jones

Eric Rice

Dave Byers
Gary Bennett
Norm Schulze

Bob Frisbee
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PROPULSION SYSTEM OPTIONS PANEL
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Space Transportation Propulsion Technology Symposium

NASA PROPULSION SYSTEM OPTIONS PSU
GENERAL FINDINGS
» NEED TO DEVELOP AND ADOPT A NATIONAL STRATEGIC PLAN FOR
ROCKET PROPULSION

— R&T STRATEGY WITH TECHNOLOGY DEVELOPMENT THROUGH VALIDATION
-~ EDUCATIONAL OBJECTIVES & FOCUS
- NATIONAL PARTICIPATION, COORDINATION, PLANNING AND COOPERATION

- REVITALIZE WORKFORCE, FACILITIES, AND TECHNOLOGY BASE
* USE AERONAUTICS PROGRAM AS A MODEL FOR FUTURE
SPACE TECHNOLOGY PROGRAM PLANNING/DEVELOPMENT

~ TECHNOLOGY TRANSFER AND SPIN OFFS
STRATEGIC PLAN AND LEVEL FUNDING

GOVERNMENT/INDUSTRY/ACADEME INTERFACES

— SHARE GOV'T/INDUSTRY/ACADEME TASKS AND FACILITIES
(BETTER COORDINATION)

TEAMWORK (TEAMING/CONSORTIUMS)

Space Transportation Propulsion Technology Symposium

NASA PROPULSION SYSTEM OPTIONS PSU

GENERAL FINDINGS

« USE BUILDING BLOCK APPROACH FOR SPACE
TRANSPORTATION AND OPERATIONS INFRASTRUCTURE

LAUNCH VEHICLES (HLLV, SHUTTLE DER,, ETC.)

PROPULSION "MODULES"

COMMONALITY
BUILD ON WHAT WE HAVE, WHERE PRACTICAL

MINIMIZE COST

» DESIGN SPACECRAFT/PROPULSION SYSTEMS FOR
OPERATIONAL EFFICIENCY

~ SIMPLIFIED, ROBUST DESIGNS (COMMONALITY & INTEGRATED FUNCTIONS)

~ APPLICATION OF TQM (INTERACTION OF OPERATIONS, DESIGN &
MANUFACTURE FUNCTIONS/PERSONNEL)

~ INTEGRATED PROPULSION MODULE ENGINE (ALS EXAMPLE)

~ ENVIRONMENTALLY CLEAN SYSTEMS (LOX/H,, OTHER)
751
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NASA

Space Transportation Propulsion Technology Symposium

PROPULSION SYSTEM OPTIONS PSU

GENERAL FINDINGS

« ESTABLISH USER ORIENTATION TO TECHNOLOGY PROGRAMS

- TIE TECHNOLOGY TO FLIGHT PROGRAMS AND USER NEEDS

MORE USER ORIENTED RESEARCH AND TECHNOLOGY PROGRAMS

OBTAIN USER'S SUPPORT IN TECHNOLOGY DEVELOPMENT, BUT
PRESERVE AUTONOMY OF TECHNOLOGY DEVELOPERS

REEVALUATE RTOP SYSTEM
DEVELOP TECHNOLOGY TO "HANDOFF POINT"

PURSUE LONG RANGE TECHNOLOGY DEVELOPMENT PLANS/OBJECTIVES
(AVOID "TECHNOLOGY GRASSHOPPER" SYNDROME)

« EDUCATION ON SPACE PROGRAMS IS A MUST AT ALL LEVELS

« ENVIRONMENTAL CONSIDERATIONS BECOMING MORE IMPORTANT
- NEED TO BE AWARE OF POTENTIAL ENVIRONMENTAL IMPACTS AND PLAN FOR THEM

- NEED TO BE PREPARED FOR POSSIBLE SCHEDULE AND COST CONSEQUENCES

NASA

Space Transportation Propulsion Technology Symposium

PROPULSION SYSTEM OPTIONS PSU

TRANSPORTATION - SHUTTLE

« SHUTTLE PROPULSION ISSUES ARE CURRENTLY BEING WORKED

- RSRM, SRB, SSME, RCS

+ SUBSTANTIAL BUDGET SAVINGS BY EXTENDING SHUTTLE
LIFE CYCLE BY 20 TO 40 YEARS (VS. NEW SHUTTLE i)

- SUBSYSTEM UPGRADES MANDATORY TO EXTEND LIFE

- SRB CONTROL SYSTEM REDESIGN
AFT SKIRT REDESIGN
SSME ADVANCED FABRICATION
INTEGRATED OMS/RCS

« SUBSYSTEM UPGRADES/PRODUCT IMPROVEMENT COULD BENEFIT
FROM TECHNOLOGY
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Space Transportation Propulsion Technology Symposium

NASA PROPULSION SYSTEM OPTIONS PSU

TRANSPORTATION - ELV'S
« EXISTING ELV FLEET NEEDS UPGRADE TO BE COMPETITIVE IN

FUTURE; REQUIRES ENHANCING TECHNOLOGIES
~ INTERNATIONAL COMPETITION THREATENS U.S. COMMERCIAL LAUNCH SERVICES

- FOREIGN GOVERNMENT SUPPORTED OR STATE OWNED LAUNCH SERVICES
- U.S. GOVT. (NASA) BASIC AND APPIED RESEARCH FUNDING MAY HELP
- RECOVERY OF NON-RECURRING COSTS/CULTURAL CHANGE PLAN NEEDED

+ DEVELOP & ADQPT A LONG RANGE, INDUSTRY/GOVERNMENT PLAN
FOR NEXT GENERATION U.S. COMMERCIAL ELV DEVELOPMENT

= COMSTAC LEAD IN PLAN DEVELOPMENT

- INTEGRATE NASA, ALS, SEI PLANS

- IDENTIFY & PRIORITIZE ELV PROPULSION TECHNOLOGIES

« HIGH PRIORITY ELV TECHNOLOGY NEEDS
- LIQUIDS - LOW COST LIQUID BOOSTER (LOX/H, AND LOX/RP)

- UPPER STAGE (LOX/H, -30 TO 50K THRUST) PROPULSION
- SOLIDS - CLEAN PROPELLANTS, LOW COST, HIGH RELIABILITY

Space Transportation Propulsion Technology Symposium

NASA PROPULSION SYSTEM OPTIONS PSU

TRANSPORTATION - UNMANNED LAUNCH VEHICLES/
« ESTABLISH NATIONAL CONSORTIUM FOR NEXT GENERATION
SPACE TRANSPORTATION
- AGGREGATE NASA/DOD/ELV COMMERCIAL INDUSTRY REQUIREMENTS
- AGREE ON COMMON PROPULSION ELEMENTS

- AGREE ON SHARING OF MANAGEMENT; NON-RECURRING COSTS,
PRIORITY OF PRODUCTIONAAUNCH ASSETS/FLIGHT FAILURE
CORRECTIVE ACTIONS

* DEVELOP AND PRODUCE COMMON VEHICLE ELEMENTS
- SOVIET MODEL (SL-16 BOOSTER/ENERGYA/ZENET COMMERCIAL ELV

+ HIGHER MISSION SUCCESS/LOWER TRANSPORTATION
COSTS

— PROPULSION MAJOR COST DRIVER (36-41%)

- PROPULSION SYSTEMS HAVE HIGHEST (FAILURE RATE (52%)
- 2/3 IN ASSOCIATED SYSTEMS (FEED LINES, VALUES, ETC)

~ 3/4 AT START UP (TRANSIENTS)
- NEED MORE FOCUS ON ENGINEERING DESIGN
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Space Transportation Propulsion Technology Symposium

NASA PROPULSION SYSTEM OPTIONS PSU

TRANSPORTATION - UNMANNED LAUNCH VEHICLES/UPPER STAGES
(cont'd)

+ ASSESS PROGRAM MANAGEMENT OF NEXT ENGINE DEVELOPMENT
(FRESH PERSPECTIVE)

- MISSION SUCCESS VS. HIGHEST PERFORMANCE
— PRODUCIBILITY VS. LOWEST WEIGHT; SMALLEST ENVELOPE
- DURABILITY VS. FREQUENT FIELD CHANGE-OUT

Space Transportation Propulsion Technology Symposium
NASA PROPULSION SYSTEM OPTIONS PSU

TRANSPORTATION - EVOLUTION

« BUILD ON EXISTING CAPABILITIES WHERE PRACTICAL

- EXISTING PROPUSION SYSTEMS COULD HAVE WIDER POTENTIAL
APPLICABILITY IF UPGRADED/MODIFIED USING NEW TECHNOLOGY

« HEAVY LIFT LAUNCH CAPABILITIES FOR FUTURE

- REQUIRE RELIABLE, MAINTAINABLE TRANSPORTATION TO HAUL A VARIETY OF
PACKAGES QUICKLY & CHEAPLY

- CONSIDER ARCHITECTURAL STRATEGY WHICH UTILIZES
SHUTTLE/SHUTTLE-DERIVED ELEMENTS

- LIQUID ROCKET AND HYBRID BOOSTERS OFFER INCREASED CAPABILITY, HIGHER
RELIABILITY AND LOWER OPERATIONAL COSTS

- SOLID BOOSTERS REQUIRE NEW TECHNOLOGY TO CLEAN UP PROPELLANTS,
LOWER COST AND IMPROVE RELIABILITY AND INCREASE CAPABILITY

+ LAUNCH VEHICLES WILL NEVER BE 100% RELIABLE
~ PROGRAMS BUDGET FOR EVENTUAL FAILURE

— DONOT RELY ON SINGLE VEHICLE FOR TRANSPORTATION TO ORBIT
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Space Transportation Propulsion Technology Symposium

NASA PROPULSION SYSTEM OPTIONS PSU

TRANSPORTATION - EVOLUTION (cont’)

+ SOLID PROPULSION
- SOLIDS HAVE MULTIPLE USES FOR FUTURE

— SOLVE CULTURAL, MANAGERIAL & ENGINEERING DATA BASE
SHORTFALLS - KEY TECHNOLOGIES IDENTIFIED

- NEW INITIATIVES TO REDUCE COST/ENHANCE RELIABILITY

~ AGGRESSIVELY PURSUE SOLUTIONS TO ENVIRONMENTAL &
FLIGHT SAFETY ISSUES

-» CLEAN PROPELLANTS 9APPROACHES ALREADY FORMULATED)
THRUST TERMINATION/RESTART CAPABILITY

+ LONG LIFT, SPACE-BASED SYSTEMS REQUIRING MINIMUM
MAINTENANCE, REUSE AND ROBOTIC SERVICING/REPAIR REQUIRE
TECHNOLOGY DEVELOPMENT

- FUTURE SPACE EXPLORATION MISSIONS
- REQUIRE TECHNOLOGY DEVELOPMENT

Space Transportation Propulsion Technology Symposium
NASA PROPULSION SYSTEM OPTIONS PSU

ENVIRONMENTAL CONCERNS
+ ENVIRONMENTAL REQUIREMENTS ARE CHANGING RAPIDLY,
IMPACTING EVERY ASPECT OF WHAT WE DO; INCREASING
MATTER OF PUBLIC INTEREST/CONCERN

AIR EMISSIONS RESTRICTIONS/REGULATION

PUBLIC CONCERN OVER NUCLEAR POWER/PROPULSION USE

- HAZARDOUS WASTE MANAGEMENT REGULATIONS MORE RESTRICTIVE;
DISPOSAL COSTLY

NATIONAL ENVIRONMENTAL POLICY ACT (SCHEDULE IMPACTS)
+ ENVIRONMENTAL ISSUES WILL IMPACT FUTURE PROGRAM
COST/SCHEDULE/TESTING LOCATIONS
« NEED GREATER COOPERATION AMONG NASA CENTERS AND
INDUSTRY
- TEST IN LESS ENVIRONMENTALLY SENSITIVE AREAS AND SHARE TEST FACILITIES
~ PLAN FOR ENVIRONMENTAL COMPLIANCE (COST/SCHEDULE)

— ESTABLISH ENVIONMENTAL COMMITTEE/COORDINATION MECHANISM
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Space Transportation Propulsion Technology Symposium

NASA PROPULSION SYSTEM OPTIONS PSU

FOREIGN TECHNOLOGY
* ASSESSMENT

~ MANY FOREIGN NATIONS STRIVING FOR INDEPENDENCE IN SPACE PROGRAM ACTIVITY

— SOVIETS, JAPANESE, EUROPEANS, CHINESE AND MANY OTHERS ARE ADVANCING IN
LAUNCH VEHCILE UTILIZATION, NEW LV TECHNOLOGIES AND LAUNCH CAPABILITIES

- SUCCESSFUL APPROACHES INCLUDE MODULARITY, COMMONALITY AND MULTIPLE ENGINE
USE ON STAGES

- SESTEBMS IN MANY CASES ARE SIMPLE, USE PROVEN TECHNOLOGY, AND ARE HIGHLY
RELIABL

- FOREIGN NATIONS USING TECHNOLOGY DEVELOPED IN US AND EUROPE
- FOREIGN COMPETITION FOR COMMERCIAL LAUNCHES IS STEADILY INCREASING

. U.S. AEROSPACE INDUSTRY AND GOVERNMENT MUST BECOME MORE
PROACTIVE IN SEEKING OUT/UTILIZING FOREIGN TECHNOLOGY

- MUST DEVELOP FOREIGN TECHNOLOGY ASSESSMENT DATA BASE
DOCUMENT FOR US GOVERNMENT AND INDUSTRY USE

Space Transportation Propulsion Technology Symposium
NASA PROPULSION SYSTEM OPTIONS PSU

ADVANCE PROPULSION

+ ADVANCED PROPULSION CAN PROVIDE MAJOR BENEFITS FOR
FUTURE MISSIONS

- NEAR-TERM SATELLITE STATION KEEPING WITH ELECTRIC PROPULSION ENABLES LONGER
LIFE ON ORBIT OR PERMITS USE OF SMALLER (LESS EXPENSIVE) LAUNCH VEHICLES

- ADVANCED CONCEPTS SUCH AS NUCLEAR THERMAL (NERVA), SOLAR AND NUCLEAR
ELECTRIC PROPULSION (SEP & NEP), SOLAR SAILS, TETHERS AND EXTRATERRESTRIAL
RESOURCE UTILIZATION CAN PROVIDE MAJOR REDUCTIONS IN MASS OR TRIP TIME FOR
PILOTED MISSIONS

- VERY ADVANCED CONCEPTS SUCH AS GAS-CORE NUCLEAR THERMAL AND FUSION MAY
ENABLE FAST MARS MISSIONS

- SEVERAL ADVANCED TECHNOLOGIES SYNERGISTIC WITH OTHER AGENCIES (e.g., DOE)

- MAJOR LEVERAGE FOR FUTURE MISSIONS REQUIRES COMMITMENT TO TECHNOLOGY
DEVELOPMENT NOW

- DEVELOP NEAR-TERM CONCEPTS TO MEET INITIAL REQUIREMENTS
- CONTINUE BASIC RESEARCH ON FAR-TERM CONCEPTS
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SECTION 3.2.1

PANEL ON

SYSTEMS ENGINEERING & INTEGRATION PANEL

CHAIRMAN: Len Worlund - MSFC
Co-Chairman: Phil Deens - JSC
Co-Chairman: Frank Berkopec -LeRC

TOPIC PANEL MEMBERS

PRELIMINARY DESIGN ACTIVITIES (Worlund)

Conceptual Design/Phase A Studies R. Kramer (SRS)
Pre-Development/Phase B Studies Garry M. Lyles (MSFC)

Systems Architecture B. Masters (United Technologies)
Vehicle End-to-End Subsystem Interdependencies Tom Mobley (Martin-Marietta)
Trajectory/Performance Planning Options R. Richmond (MSFC)

Luke A. Schutzenhofer (MSFC)
D. Steinmeyer (MDAC)
Frank E. Swalley (MSFC)

PHASE C/D ACTIVITIES (Berkopec - LeRC)

Pre-Development Technology Maturity J. Hemminger (LeRC)
PDR Penetration James Hughes (GDC)
Modular vs LRU's Frank lzquierdo
FMEA/CIL Don Jones (Rockwell)
Design Margin Craig Judd (AeroJet)

Robert Lund (Thiokol)

J. Moses (MSFC)

Larry Wear (MSFC)

Don Witt (Pratt & Whitney)

ELIGHT SYSTEM EVOLUTION (Deans - JSC)

Uprating (Performance/Life) James W. Akkerman (JSC)
Cost Reduction Mary P. Cerimele (JSC)
Assured Access Wayne Ordway (JSC)

O. Glenn Smith (JSC)

Robert M. Zubrin
(Martin-Marietta)

J. McCurry (Lockheed)

J. Rymarcsuk (USAF)

Rapporteur: irving Davids

Facilitator: Carl Aukerman
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SYSTEMS ENGINEERING AND INTEGRATION PANEL
SUMMARY REPORT
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SYSTEM ENGINEERING & INTEGRATION PANEL

JUNE 29, 1990

LEN WORLUND
FRANK BERKOPEC
PHIL DEANS
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SYSTEM ENGINEERING AND INTEGRATION ‘
SUMMARY CATEGORIES |

1-SAFETY & RELWABILITY |
2 - PERFORMANCE/ DESIGN OPTIONS \
3-COST

4-TECHNOLOGY MATURATION PROCESS

1-SAFETY & RELIABILITY

1A - IMPROVED PROPULSION SYSTEM RELIABILITY
1B- ASSURED ACCESS TO SPACE

1C - DESIGN MARGIN

1D- ACCEPTANCE TEST REQUIREMENTS
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SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSVE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

+ IMPROVED PROPULSION
SYSTEM OVERALL
RELIABILITY

» MISSION SUCCESS
* MISSION SAFETY

» COST

+ DESIGN MARGINS

+ SYSTEM APPROACH

PROPULSION DESIGN

- PROPULSION SYSTEM
DEVEL (ie. NOT JUST
ENGINE)

- SYSTEM RELIABILITY

- OPERATION/LIFE CYCLE
COST ANALYSIS

- CRITICAL COMPONENT
REDUNDANCY
MANAGEMENT

* RISK ASSESSMENT
METHODS/MANAGEMENT

* HEALTH
MONITORING/CONTROL

» DESIGN BENIGN FAILURE
MODES

« FMEA/CIL

+ DEVELOP QUANTITATIVE
METHODS/DATA FOR
CRITERIA SELECTION
- RELIABILITY REQUIREMENTS
- SAFETY FACTORS
- VERIFICATION/ACCEPTANCE
- HM/C CAPABILITY

SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

+ ASSURED ACCESS TO
SPACE FOR PEOPLE AND
CARGO
- HIGH RELIABILITY FOR
LAUNCH VEHICLE

- MAIN PROPULSION SYSTEM
IMROVED RELIABILITY

- MAIN PROPULSION SYSTEM
SHUTDOWN 15" STAGE
ABORT CAPABILITY

- RELIABLE HEALTH
MONITORING/CONTROL

- RELIABLE ABORT SENSING
AND IMPLEMENTATION

+ MISSION SUCCESS

- LOSS OF HIGH VALUE/COST
PAYLOADS, LOSS OF CREW

- LARGE NUMBER OF LAUNCH
FAILURES DRIVEN BY MPS
FAILURE

- SOME SYSTEMS i.e. SOLIDS
(SRM, ASRM) CANNOT BE
THRUST TERMINATED

- LOW RELIABILITY, LATENT
DEFECT UNDETECTED,
PREMATURE FAILURE

- INSTRUMENTATION LOWER
THAN SYSTEM RELIABILITY,
LOSS OF CREW/VEHICLE,
LATENT DEFECTS
UNDETECTED

» PERFORM MORE
QUANTITATIVE ANALYSIS,
IMPROVED RELIABILITY
DIAGNOSTIC TOOLS i.e. PRA,
CONTINUOUS LIFE CYCLE
ESTIMATES

.

ENHANCED SYSTEM
DESIGNS, REMOVAL OF
CATASROPHIC FAILURE
MODES, ASSURE BENIGN
FAILURES

.

PURSUE ALTERNATE
BOOSTER SYSTEMS ( FOR
SHUTTLE, ALS, PLS)

.

HEALTH DIAGNOSTICS,

INSTRUEMENTATION

- FLIGHT PERFORMANCE
MONITORING/DATA
RECORDING

- AUTONOMOUS PRE-FLIGHT
SUBSYSTEM CHECK-
OUTAALIDATION (BITE)
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SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSVE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

+ DEFINE REALISTIC
DEFINITION OF DESIGN
MARGINS BASED ON
ROBUSTNESS TO NEW
PROGRAMS/APPLICATIONS

+ OVER-CONSERVATISM
PENALIZING
COST/PERFORMANCE

* INADEQUATE MARGIN
EXTENDING DEVELOPMENT
OF DEGRADING RELIABILITY

+ FULL IMPLEMENTATION OF
FMEA/CIL AND RISK
ANALYSIS TECHNIQUES
- PROBABILITY DESIGN

TECHNIQUES

DEVELOPMENT OF

PROBABILISTIC RISK

ASSESSMENT, QUANTITATIVE

METHODS & DATA BASES

FOR "RATIONAL CRITERIA

SELECTION" FOR

- RELIABILITY REQMTS

- SAFETY FACTORS

- VERIFICATION

- PROCESS CONTROL

- ACCEPTANCE TESTING

- HEALTH MONITORING/
PERFORMANCE TREND
ANALYSIS

SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

+ IDENTIFICATION OF
PROPULSION SYSTEM
DESIGN REQUIREMENTS FOR
SYSTEMS THAT CAN NOT BE
EITHER FULL SCALE
ACCEPTANCE TESTED OR
FLIGHT DEMONSTRATED
- NUCLEAR
- ORBITAL ASSEMBLY
- REUSABLE ORBITING

SYSTEMS

» INADEQUATE DESIGN
REQUIREMENTS INCREASE
COST/SCHEDULE
DELAYS/PERFORMANCE OR
OPERATIONAL
CONSTRAINSTS

- DEVELOP DESIGN
METHODOLOGY THAT
QUANTIFY RELIABILITY W/O
SYSTEM ACCEPTANCE
TESTS

« DEVELOP/DEMONSTRATE
PROPULSION SYSTEM
CERTIFICATION VERIFICATION
APPROACH
(EMPIRICAL/ANALYTICAL)
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2 - PERFORMANCE / DESIGN OPTIONS

2A - GROWTH EVOLUTION
2B - PDR PROCESS
2C - PLANETARY DERIVED PROPELLANTS

SYSTEM ENGINEERING AND INTEGRATION PANEL

* STRATEGY TO PROMOTE + POTENTIAL BENEFITS FROM * PLAN FUTURE EVOLUTION
EVOLUTION EVOLUTION PROGRAM

- PERFORMANCEAIFE - USE MODULAR DESIGN

- COST REDUCTION APPROACH

- OPERABILITY/ACCESS - CARRY HIGH PAYOFF

: TECHNOLOGIES IN

PARALLEL

- FULL-SCALE TESTING TO
SUPPORT EVOLUTION

- SET GOALS FOR GROWTH IN
PROGRAM BENEFITS AND

: PRODUCT IMPROVE

‘ PROGRAM
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SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

» PDR PROCESS FAILS TO
PREVENT LARGE NUMBER OF
UNRESOLVED DESIGN
ISSUES (RID'S) LATE IN
DESIGN PROCESS.

+ COST/SCHEDULE IMPACT

* NON-OPTIMUM DESIGN,
MANUFACTURABILITY,
(E)TI?CERABILITY. RELIABILITY,

« INVOLVE FULL CONCURRENT
ENGINEERING TEAM AND
REVIEWERS
- REQUIREMENTS DEFINED
- LESSONS LEARNED
- CONCEPTUAL REVIEWS
- PHASED PDR

BETTER QUANTIFY DESIGN
REQUIREMENTS, SELECTION
CRITERIA, PRIORITIES, AND
TRADE OFF FACTORS

.

SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

« UTILIZATION OF PLANETARY
DERIVED PROPELLANTS

* MAJOR REDUCTION OF EARTH
LAUNCHED MASS -

* MAJOR REDUCTION OF
LAUNCH VEHICLE
REQUIREMENTS

» STUDIES TO DETERMINE
POTENTIAL PROPELLANTS

» DEVELOP TECHNOLOGY FOR
PROPELLANT PRODUCTION

+ DEVELOP TECHNOLOGY FOR
PROPULSION SYSTEMS
USING IN-SITU PROPELLANTS

768




3A - TECHNOLOGY FOR REUSE

3-COST

3B - OPERABILITY

3C - MISSION & COST MODELS

3D - MAINTENANCE (MODULAR vs LRU)
3E-LOWCOST SYSTEMS

SYSTEM ENGINEERING AND INTEGRATION PANEL

* TECHNOLOGY TO ALLOW
PROPULSION SYSTEM
RECOVERY/REUSE

+ SOME STUDIES (L.E. ALS)

HAVE IDENTIFIED THE
REUSE OF PROPULSION
SYSTEM COMPONENTS,
ENGINES, FEED SYSTEMS,
REG, TVC, CMS, ETC... AS A
MAJOR POTENTIAL COST
SAVINGS

+ KEY FEATURES ARE LIFE

ENHANCEMENT OF
CRITICAL COMPONENTS
SUCH AS BEARINGS AND
DETECTION OF SEA WATER
INCURSION

* REUSABILITY SHOULD BE

ADDRESSED IN
TECHNOLOGY AND
ADVANCED DEVELOPMENT
PROGRAMS
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SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSVE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

+ IMPROVE LAUNCH AND
FLIGHT OPERABILITY,
RELIABILITY, COST AND
PERFORMANCE
- SIMPLIFY SYSTEMS-
REDUCE NUMBER OF
PARTS, SYSTEMS

- ELIMINATE HYDRAULICS

- SIMPLE CONTROLS

- ELIMINATE PRELAUNCH
CHILL

- ELIMINATE/SIMPLIFY
PRESSURIZATION

- REDUCED MANUAL
OPERATIONS SHORTEN
TEST TIME

+ REDUCE LABOR INTENSIVE
OPERATIONS, WEIGHT,
NUMBER OF PARTS

- SINGLE ENGINEUPPER STAGE

- NO PURGES/AUXILIARY
FLUIDS

- USE EMA TVC

- ELIMINATE/SLOWDOWN
VALVES

- NO THRUST CONTROL AND
P.U.

- MIXED PHASE, 0 NPSP
PUMPING

- AUTOGENOUS H2 & 02
PRESSURIZATION

- ELIMINATE HELIUM
PRESSURIZATION

- SLOW ENGINE START

- AUTOMATE OPERATIONS

- IHM

- BUILT-IN-TEST

- EMA VALVES

SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

+ MISSION AND COST
ANALYSIS FIDELITY IS LOW
- MISSION MODELS OVER
AMBITIOUS

- REQUIREMENTS/SYSTEMS
COMPLEXITY
UNDERESTIMATED

- GOV'T/INDUSTRY MODELS
DONT CORRELATE

- OPERATIONAL COSTS
DRIVERS ARE
UNDERESTIMATED

- PROPULSION SYSTEM
RECOVERY AND REFURB
COST DATA BASE IS
LIMITED

- LCC ANALYSIS GROUND
RULES CAN VARY BETWEEN
PRELIMINARY DESIGN
STUDIES

+ PROGRAM COST ESCALATION

- LOW COST AND HIGH
USAGE ESTIMATES APPEAR
AS "BUY-IN"

- GOV'T/INDUSTRY LOSES
CREDIBILITY

- COST COMPARISONS OF
PROPULSION SYSTEM
OPTIONS CAN BE
MISLEADING

* INTERACTIVE GOV'T/CONTR
COST MODELS IN PHASE A&B
- MAINTAIN BY NASA
- CONSISTENT GROUND
RULES

+ OPERATIONAL COST MODEL
SHOULD BE VALIDATED

« USE "CONCURRENT
ENGINEERING" TO GET
BETTER COST DATA

» DRIVE EARLY STUDIES TO
GREATER DETAIL
- NO DOWN SELECT ON COST
FOR SIGNIFICANT DEVEL

» INCLUDE RISK CONTROL IN
PROGRAM PLAN & COST
ESTIMATES

« COST & MISSION SENSITIVITY
ANALYSIS
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SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

« PROPULSION SYSTEM
MODULARITY APPROACH
- ORBITAL REPLACEMENT
- LINE REPLACEMENT
- SHOP REPLACEMENT

* KEY INFLUENCE ON:

- DEVELOPMENT APPROACH

- PRODUCT IMPROVEMENT
POTENTIAL

- ASSEMBLY/OPERABILITY

- MAINTAINABILITY

- SYSTEM
COST/PERFORMANCE

« ADD REQUIREMENTS FOR
OPTIMIZING MODULARITY

* EVALUATE MODULARITY
APPROACH THROUGHOUT
PROGRAM PHASES

+ SELECT MODULARITY
APPROACH COMPATIBLE
WITH OPTIMUM PROGRAM
PLANS FOR:

- DEVELOPMENT

- ASSEMBLY/REMOVABLE
- MAINTENANCE

- PRODUCT IMPROVEMENT
- FAULT DETECTION

- FAULT TOLERANCE

SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE IMPACT/SENSITIVITY PROPOSED RESOLUTION
+ LOW COST PROPULSION » RECOVERY AND REUSABILITY * SINGLE OUT TECHNOLOGY
SYSTEM HARDWARE HAS PROVEN TO BE ALTERNATIVES THAT CAN
EXPENSIVE AND LABOR DRIVE SYSTEM RECURRING
INTENSIVE COSTDOWN TO

EXPENDABLE LEVELS

+ IMPLEMENT TECHNOLOGY
PROGRAMS TO WORK HIGH
COST AREAS

+ PERFORM REQUIREMENTS
ANALYSIS TO ENSURE
REQUIREMENTS ARE "REAL"
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4 - TECHNOLOGY MATURATION PROCESS

4A - TECHNOLOGY TRANSFER

4B - TECHNOLOGY APPROACH OF 30-YEAR
PROGRAM (CHANGING TECHNOLOGY BASE)

4C - INTERCENTER PARTICIPATION

4D - DEMONSTRATED SYSTEM TECHNOLOGY

4E - FOCUS TECHNOLOGY THAT ADDRESSES USER
REQUIREMENTS

4F - EXPERIENCE DATABASE

4G - NARROW OPTIONS IN PHASE A

SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

» INADEQUATE TECHNOLOGY
TRANSFER TO PHASE C
PARTICIPANTS

+ UNNECESSARY
DUPLICATION OF
TECHNOLOGY DEVELOP.

+ ADDED COST/RISK IN
PHASE C

« DISTRIBUTE TECHNOLOGY

PROJECTS, MITIGATE RISKS

« IMPROVE COMMUNICATIONS

TO PROPULSION COMMUNITY

+ REDUNDANT/PARALLEL

CONTRACTS

+ FORM COMSORTIA
« REQUIRE PRIVATE INDUSTRY

INVESTMENT
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SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

+ TECHNOLOGY
DEVELOPMENT APPROACH
FOR A 30 YEAR PROGRAM

+ TECHNOLOGY/DESIGN ARE

FROZEN EARLY

- ELECTRONICS OBSOLETE
EVERY § YEARS

- MATERIAL IMPROVEMENTS
EVERY 8 YEARS

+ TECHNOLOGY FOCUS ON
NEXT GENERATION

+ PROGRAM PROVIDE FOR
BLOCK CHANGE NOT
CONTINUOUS UPDATE

« PROVIDE TEST BED IN
PARALLEL WITH PROGRAM TO
TEST EVOLUTIONARY
CHANGES

+ DESIGN INTERFACES TO
ACCEPT SUBSYSTEM
EVOLUTION

SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

+ INTER CENTER
PARTICIPATION IN
PRELIMINARY DESIGN
STUDIES
- PERFORMANCE AND
OPERATIONS
REQUIREMENTS ESSENTIAL

- STUDY FOCUSES ON
REQUIREMENTS AND
ISSUES

- VARIOUS CENTERS HAVE
VALID
ISSUES/REQUIREMENTS

+ LESS THAN OPTIMUM

CONCEPT SELECTION

- PHASE BREDESIGN DUE TO
LATE INPUTS OF
REQUIREMENTS

- COMPROMISE DESIGN OR
OPERATION TO "FIX"
INTERFACE OR
INTEGRATION PROBLEMS

» INCLUDE SUPPORTING
CENTERS IN EARLY STUDIES

+ LEAD CENTER ASSURE
SUPPORTING CENTER
REQUIREMENTS
- PRE PHASE A
- PHASE A

» CONDUCT QFD TO DEFINE
REQUIREMENTS
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SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

+ DEMONSTRATED SYSTEM
TECHNOLOGY AND
VALIDATED DESIGN
REQUIREMENTS PRIOR TO
PHASE C
- TECH LEVEL § OR BETTER

* IMMATURE TECHNOLOGY
INCREASES DEVELOPMENT
COST/SCHEDULE RISK

* IMMATURE TECHNOLOGY
INCREASES DEVEL
COST/SCHEDULE RISK

+ IMPLEMENT SYSTEM TEST
BED FOR CRITICAL
TECHNOLOGIES

SPACE ENGINE/SYSTEMS

+ CRYOGENIC STORAGE FOR 1 -
2 YEARS

- TANKAGE/SHIELDING
- VENT CONTROL

- PRESSURIZATION

- RELIQUIFICATION

* MAINTAINABILITY
- ROBOTIC REMOVAL

/INSTALL ENGINE OR LRU

+ ORBITAL CRYOGENIC FLUID
TRANSFER DEMONSTRATION

+ CHEMICAL
- CLUSTER PLUG-NOZZLE
- HIGH DENSITY METALLIZED

PROPELLANTS
BOOSTER

» HYBRID/PRESSURE FED
- HOT GAS PRESSURIZATION

» HYBRID
- LOX COMPATABILITY GRAIN

« SOLID
- CLEAN PROPELLANT

» LIQUID
- PROPELLANT METALLIZED

SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/IS

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

+ FOCUSED TECHNOLOGY
THAT ADDRESSES USER
REQUIREMENTS
- TECHNOLOGY CYCLE TOO

LONG

- USER REQUIREMENTS NOT

IDENTIFIED TO DEVELOPER

+ FOCUSED TECHNOLOGY
RESULTS NOT AVAILABLE TO
USERS
- INCREASED DEVEL

RISK/COST
- TECHNOLOGY ADVANCES
NOT APPLIED

+ TECHNOLOGY WORKING
GROUPS SHOULD BE CO-
CHAIRED BY USER

- START OF PHASE A

* GENERIC TECHNOLOGY
ACCOMPLISHED BY
TECHNOLOGIST

+ FOCUSED TECHNOLOGY IN
PHASE B BY USER
- LONGER PHASE B
- DECREASED
PROCURENMENT TIMELAG

« CONCURRENT ENGR TEAM TO
DEFINE TECH NEED WITH
EARLY TRADE STUDIES

+ USE SYSTEM CONCEPTUAL
DESIGN UPDATE TO DIRECT
TECHNOLOGY DEVEL
PROGRAM

+ USE SYSTEM DESIGN
UPDATE AS MANAGEMENT
TOOL FOR ASSESSING TECH
DEVEL PROGRAM
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| SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

* EXPERIENCE DATA BASE
- A SPECIFIC EXAMPLE, THE
"ALS RELIABILITY DATA
BASE" ONLY ADDRESSED
90% OF FLIGHT DATA AND
MANY DID NOT HAVE ANY
SPECIFIC FAILURE DATA.

» INTERCHANGE OF
EXPERIENCE IS POOR

+ LESSONS LEARNED NOT
APPLIED
- THERE ARE NO NONFLIGHT
"LESSONS" IN THIS DATA
BASE AND THIS DATA IS
PRIMARILY STORED IN
"HUMAN MEMORY"

» DEVELOP CONSISTENT

DATABASE & DESIGN
METHODOLOGIES

» TECHNOLOGY TRANSFER
PROGRAM

* UTILIZE ELECTRONIC MEDIA
« DEDICATED EFFORT TO

GATHER "LESSONS
LEARNED" (NOT VOL. EFFORT)

SYSTEM ENGINEERING AND INTEGRATION PANEL

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

* NARROW OPTIONS AT THE
END OF PHASE A TO A FEW
MOST ATTRACTIVE
CONCEPTS WHOSE
TECHNOLOGY STiLL NEED
MATURING

+ AVAILABLE R & T FUNDS ARE
FOCUSED ON A FEW

OVER TOO MANY

CONCEPTS AND NOT SPREAD

+ PHASE A STUDIES TO PICK
UP ON A FEW PROMISING
CONCEPTS EVEN THOUGH
THEY NEED FURTHER
MATURING
- PHASE A TO START OUT

WITH A BROAD RANGE OF
CONCEPTS AND NARROW
TO A FEW PROMISING
CONCEPTS BY THE END OF
STUDY.
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DEVELOPMENT, MANUFACTURING AND
CERTIFICATION PANEL
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SECTION 3.3.1

PANEL ON

DEVELOPMENT MANUFACTURING & CERTIFICATION

Chairman: Walt Karakulko - JSC
Co-Chairman - Paul Shuerer - MSFC
Co-Chairman - Steve Dick - SSC

Topic Speaker
, SYSTEM DEVELOPMENT
Probabilistic Structural Analysis Methods Chris Chammis, (LeRC)"
Technology Transfer Methodology Bill Boyd, (JSC)"
National Test Bed Concept Pleddie Baker, (WSTF)*
Historical Problem Areas - Solutions Needed John Griffin, (JSC)"
MATERIALS AND MANUFACTURING

Manufacturing Processes & Applications Paul Munafo, (MSFC)"
National Materials Data Base David Pippen, (WSTF)'
NDE Alex Vary, (LeRC)"
Concurrent Engineering Chris Chammis, (LeRC)"

Chip Jones, (MSFC)™*

ELIGHT CERTIFICATION
Integration of Diagnostics Into Test Process E. G. Woods, (SSC)*
Life Cycle cost Based Test Program Decisions J. H. Guln, (SSC)*
Certification Test Requirements - Manrating Ron Weesner, (MSFC)*

Orville Henson, (MSFC)*
K. Kroll, (JSC)*
Testing vs Simulation Charles Wood, (Rockwell)*

* Coordinator

** Contributor
Rapporteur: Bill Hope
Facilitator: Mel Bryant
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SECTION 3.3.2

DEVELOPMENT MANUFACTURING AND CERTIFICATION
PANEL
SUMMARY REPORT
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Space Transportation Propulsion

NASA Technology Symposium PSU

DEVELOPMENT,
MANUFACTURING & CERTIFICATION
PANEL REPORT

JUNE 29, 1990

W. KARAKULKO
Propulsion and Power Division
Johnson Space Center
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SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL

CHAIRMAN: W. KARAKULKO - JSC
CO-CHAIRMAN: P. H.SHUERER - MSFC
CO-CHAIRMAN: J. S. DICK - SSC

+ PARTICIPATING ORGANIZATIONS - GOVERNMENT

HEADQUARTERS

JOHNSON SPACE CENTER

LANGLEY RESEARCH CENTER

LEWIS RESEARCH CENTER

MARSHALL SPACE FLIGHT CENTER
STENNIS SPACE CENTER

WHITE SANDS TEST FACILITY

AIR FORCE ASTRONAUTICS LABORATORY

 PARTICIPATING ORGANIZATIONS - INDUSTRY

AEROJET TECHSYSTEM CO.
LOCKHEED

MARTIN MARIETTA
MCDONNELL DOUGLAS
PRATT AND WHITNEY
ROCKETDYNE

ROCKWELL INTERNATIONAL
SRS TECHNOLOGIES

THE MARGUARDT CO.

TRW

SVEREDRUP

« ACADEMIA
« TOTAL CONTRIBUTORS 50
* TOTAL PARTICIPANTS 45
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SPACE TRANSPORTATION PROPULSION

TECHNOLOGY SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL

GEORGE BAAKLINI
PLEDDIE BAKER
JAY BENNET
BILIGAR BHAT
WILLIAM BOYD
DAVID BROWER
BUD CASTNER
CHRIS CHAMIS
DON CHENEVERT
BRAD COWLES
STEVE DICK
F. DOUGLAS
ROBERT DRESHFIELD
RALPH EBERHART
DALE FESTER
JOHN GRIFFIN
SOL GORLAND
ORVAL HENSON
JOE HEYMAN
DON HUNTER
ROBERT JEWETT
CHIP JONES

i. JOHNSTONE
WALT KARAKULKO
R. KING

SSC
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LIST OF CONTRIBUTORS
LERC KEN KROLL
WSTF RICHARD LA BOTZ
Jsc LUBERT LEGER
MSFC STAN LEVINE
JSC ERIC MADARAS
LOCKHEED JOHN MULCAHEY
JSC PAUL MUNAFO
LERC JIM NEWELL
SSC DAVID PIPPEN
PRATT & WHITNEY STEVE RICHARDS
SSC W. POWERS
ssC ALBERT PULLEY’
LERC ROBERT SACKHEIM
MARTIN MARIETTA CHARLES SALKOWSKI
MARTIN MARIETTA PAUL SCHUERER
JSC S.SINGHALL
LERC R. SPRAGUE
MSFC ALEX VARY
LERC RAYMOND WALKER
PRATT & WHITNEY RONALD WEESNER
ROCKWELL HORST WICHMANN
MSFC CHARLES WOOD
SSC KEN WOOD!S
JSC GLADE WOODS

JOHN WOOTEN

JSC
AEROJET
JSC

LERC

LARC

NASA HQ
MSFC
ROCKWELL
WSTF
MSFC
MSFC

§SC

TRW

JSC

MSFC
SVEDRUP
GE

LERC
PRATT & WHITNEY
MSFC
MARQUARDT
ROCKWELL
S§SC
ROCKWELL

MSFC



SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL

TOPIC COORDINATOR
SYSTEM DEVELOPMENT
PROBABIL. STR. ANAL. METHODS C. CHAMIS - LERC
TECHNOLOGY TRANSFER METHODOLOGY W. BOYD - JSC
NATIONAL TEST BED CONCEPT P. BAKER - WSTF
HISTORICAL PROBLEMS AREAS J. GRIFFIN - JSC

MATERIALS AND MANUFACTURING

MANUFACTURING PROCESSES P. MUNAFO - MSFC

MATERIALS D. PIPPEN - WSTF

NONDESTRUCTIVE EVALUATION A. VARY - LERC

CONCURRENT ENGINEERING C. CHAMIS - LERC
ELIGHT CERTIFICATION

INTEGRATION OF DIAGNOSTICS INTO E. WOODS - SSC

TEST PROCEDURES

LIFE CYCLE COST BASED TEST J. DICK - SSC
PROGRAM DECISIONS

CERTIFICATION TEST REQUIREMENTS S. RICHARDS - MSFC
TEST VS. SIMULATION C. WOOD - ROCKWELL
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SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL
TOPIC: BABILI TRL A N
TRAN Ti

ISSUES: CERTIFICATION OF SPACE TRANSPORTATION PROPULSION SYSTEMS
¢ ISCOSTLY AND TIME CONSUMING
* ISDIFFICULT DUE TO UNCERTAINTIES IN ACTUAL OPERATING CONDITIONS

* NEEDS TO BE REPEATED FOR MODIFICATIONS TO EXISTING SYSTEMS AND FOR ENHANCED
CAPABILITY IN OPERATING CONDITIONS

PROPOSED ACTIONS/PROGRAMS

* AUGMENTATION OF THE TWO ON-GOING NASA PROGRAMS (LERC & JPL)
* IMPLEMENTATION OF THE FOLLOWING NEW PROGRAMS:
* MULTI-LEVEL SELF-ADAPTIVE SOFTWARE FOR GLOBAL / LOCAL NONLINEAR ANALYSIS
* LIBRARY OF POSSIBLE FAILURE MODES
* DECISION LOGIC FOR DAMAGE INITIATION / COALESCING / GROWTH
* RISK MODELS/ PROBABILISTICALLY-SELECTED TESTING / VERIFICATION / CERTIFICATION
* GUIDELINES FOR HEALTH MONITORING

MAJOR OBJECTIVES

* AUTOMATED SOFTWARE PACKAGES FOR MULTI-LEVEL PROBABILISTICALLY-SIMULATED
STRUCTURAL CERTIFICATION OF PROPULSION SYSTEMS

MAJOR MILESTONES

*  MULTI-LEVEL PROBABILISTICALLY STRUCTURAL ANALYSIS METHODS - 1994

* LIBRARY OF POSSIBLE FAILURE MODES - 1994

* LOGIC FOR DAMAGE INITIATION / COALESCING / GROWTH - 1994

* SOFTWARE FOR COMPONENT / SYSTEM TESTING / VERIFICATION / CERTIFICATION - 1995
* STREAMLINED SOFTWARE FOR IN-SERVICE HEALTH MONITORING - 1995

* SOFTWARE VALIDATION - 1995
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SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL
TOPIC: TECHNOLOGY TRANSFER METHODOLOGY
ISSUES:

« INHERENT BARRIERS EXIST IN APPLYING NEW TECHNOLOGY

» PERCEIVED HIGH RISK - LACK OF UNDERSTANDING / INVOLVEMENT BY USERS IN
TECHNOLOGY DEVELOPMENT

« "NOT INVENTED HERE" (NIH) SYNDROME

» INHERENT DIFFERENCES IN ENGINEERING APPROACH BETWEEN TECHNOLOGISTS AND
SYSTEM DEVELOPERS - TECHNOLOGY DOES NOT MATCH NEED

+ TECHNOLOGISTS CONCENTRATE ON PERFORMANCE
« DEVELOPERS WANT RELIABILITY AND LIFE
PROPOSED ACTIONS/PROGRAMS
+ ESTABLISH CO-OWNERSHIP OF TECHNOLOGY PROGRAMS (TECHNOLOGIST/DEVELOPER)
+ MINIMIZES NIH SYNDROME AND PERCEIVED RISK
« FORCES DIALOGUE BETWEEN TECHNOLOGISTS AND DEVELOPERS
* CHANGE THE SCOPE OF TECHNOLOGY PROGRAMS

» REFOCUS THE EMPHASIS AS APPROPRIATE FROM PERFORMANCE TO RELIABILITY AND
ROBUSTNESS

+ REQUIRE VALIDATION OF TECHNOLOGY AS PART OF THE TECHNOLOGY PROGRAM-
DON'T PLACE BURDEN ON SYSTEM DEVELOPERS

+ REDUCE "PAPER" TECHNOLOGY DEVELOPMENT
* INSTITUTE STRUCTURED REPORTING OF RESULTS (IR&D)
MAJOR OBJECTIVES
* INDUCE MORE EFFECTIVE USE OF TECHNOLOGY
+ ENSURE TECHNOLOGY DEVELOPMENT MATCHES USER NEEDS
* APPLIED TECHNOLOGY - RESOLUTION OF PROBLEMS IN TODAY'S FLIGHT SYSTEMS

* NEW TECHNOLOGY - DEVELOPMENT OF TECHNOLOGY FOR THE LONG-TERM
BENEFIT OF THE AGENCY

MAJOR MILESTONES

« EARLY 1991 - TARGET NEW FY92 RTOPS FOR CO-OWNERSHIP, ASSURANCE OF VALIDATION
AS PART OF RTOP SCOPE, AND IMPROVED REVIEW/REPORTING METHODS

788




SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM

ToDi\:IELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL
PIC: PROPULSION TESTING

ISSUES:
* LACK OF NATIONAL PLAN FOR PROPULSION TESTING
~ AGING AND ATTRITION OF PROPULSION TEST FACILITIES
~ ATTRITION OF TECHNICAL SKILLS AND EXPERTISE
- HIGH COST OF FACILITY DUPLICATION AT VARIOUS CENTERS

PROPOSED ACTIONS/PROGRAMS

* ESTABLISH TASK TEAM FOR DEFINITION OF TEST REQUIREMENTS & TEST CAPABILITIES

* ESTABLISH LEADERSHIP AT NASA HQ FOR ADVOCACY, IMPLEMENTATION AND
MAINTENANCE OF PLAN

* ESTABLISH SUSTAINING WORKING GROUP TO SUPPORT ADVOCATE
*  WORKING GROUP/HQ UPDATE REQUIREMENTS TO SUPPORT CoF & POP CALLS

MAJOR OBJECTIVES

* ENSURE THAT ADEQUATE PROPULSION TEST FACILITIES ARE AVAILABLE TO SUPPORT
FUTURE SYSTEM DEVELOPMENT AND OPERATIONS

* DEVELOP AND MAINTAIN, WITHIN NASA AND THE PRIVATE SECTOR, THE SKILLS AND
EXPERTISE REQUIRED FOR FUTURE SYSTEM DEVELOPMENT

MAJOR MILESTONES

* ESTABLISH HQ ADVOCATE 1990

* COMPLETE FACILITIES ASSESSMENT AND RECOMMENDATIONS 1991
* ESTABLISH WORKING GROUP 1992

+ COMPLETE NATIONAL PROPULSION TEST PLAN 1993
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SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL
TOPIC: HI ICAL P

ISSUES

« OURFLIGHT SYSTEMS HAVE THE SAME PROBLEMS TODAY THAT THEY HAD 10-20 YEARS
AGO

« THE MAJOR FAILURE MODE FOR PROPULSION SYSTEMS ON THE SHUTTLE IS FLUID
LEAKAGE

« INADEQUATE LIFE, RELIABILITY, AND MAINTENANCE TECHNOLOGY FOR EXTENDED
LIFE / MULTI-USE PROPULSION SYSTEMS - APPLIES TO GROUND AND SPACE BASED
SYSTEMS

» FAILURE OFTEN RESULTS IN RESTRICTION OF DESIGNS AND MATERIALS FROM FLIGHT USE
WITH RESULTING TECHNOLOGY STAGNATION

PROPQSED ACTIONS/PROGRAMS

* INITIATE DEVELOPMENT PROGRAMS TO ADDRESS THE SHUTTLE AND OTHER LONG LIFE
SYSTEMS ISSUES

« FUND THE PROGRAMS AT A LEVEL SUFFICIENT TO RESULT IN REPRESENTATIVE HARDWARE

THAT CAN BE DEMONSTRATED BY TEST

» ESTABLISH INDUSTRY / GOVERNMENT WIDE FORUM FOR DISCUSSION AND DOCUMENTATION

OF "LESSONS LEARNED"

A B TIV
*  LONG-LIFE CONTAMINATION-TOLERANT SEALS AND THERMAL CYCLE TOLERANT SEALS
+ QUICK AND ACCURATE LEAK DETECTORS FOR GROUND USE
* LONG-LIFE COMBUSTION CHAMBERS

» CERAMIC AND COMPOSITE APPLICATION TECHNOLOGY FOR COMPONENTS TO IMPROVE
CONTAMINATION, HEAT, AND WEAR, RESISTANCE AND PROPELLANT COMPATIBILITY

» ON-ORBIT LEAK DETECTORS & LOW-G LIQUID - GAS SEPARATORS
* ANALYTICAL TOOLS FOR EXTENDED LIFE CERTIFICATION
+  LOW-G HEAT TRANSFER PHENOMENON CHARACTERIZATION

MAJOR MILESTONES

* INITIATE SHUTTLE SUPPORT PROGRAMS 1991
» INITIATE SSF - SUPPORT PROGRAMS 1992
* INITIATE MARS SUPPORT PROGRAMS 1995

790




SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL
TOPIC: MA

ISSUES

* PROCESS DEVELOPMENT FREQUENTLY LAGS BEHIND MATERIAL DEVELOPMENT
* HIGH FABRICATION COSTS

* FLEX JOINTS (BELLOWS) A CONTINUING PROBLEM

* SRM FABRICATION-INDUCED DEFECTS

* IN-SPACE ASSEMBLY WILL REQUIRE SIMPLIFIED DESIGNS

ROPOSED ACTIONS/PROGRAM
» FABRICATE ADVANCED COMPOSITE DEMO ARTICLE (S)
* FABRICATE DEMO RCS THRUSTER USING IRIDIUM-COATED RHENIUM
* NEAR-NET SHAPE FABRICATION
* SMART MANUFACTURING
» DEVELOP NEW FLEX JOINT
* DESIGN AND TEST MODULAR COUPLINGS
* RHEOLOGY STUDY OF SOLID PROPELLANT FLOW CHARACTERISTICS
» COVALENT BONDING PROCESS FOR INSULATOR / PROPELLANT
* MANUFACTURE OF LARGE INTEGRATED COMPONENTS (MODULES)

A Tiv
* LARGE-SCALE DEMO ARTICLES
« REDUCED FABRICATION COSTS
* RELIABLE, EASY-TO-ASSEMBLE FLUID COUPLINGS
* IMPROVED SRM PROCESSING
* MODULAR COMPONENTS

MAJOR MILESTONES

* IMPROVED BELLOWS - 1993

* JOINING TECHNIQUE FOR RHENIUM THRUSTERS - 1993
* SIMPLIFIED COUPLINGS - 1994

* NET-SHAPE HARDWARE DEMO - 1994

*  RHEOLOGY STUDY OF PROPELLANT CASTING - 1995

+ CERAMIC MATRIX COMPOSITE ROTOR - 1996
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SPACE TRANSPORTATION PROPULSION ‘
TECHNOLOGY SYMPOSIUM |

o::,:;:‘\:/ELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL |
T : MATERIALS ‘

ISSUES:

MATERIALS RESEARCH IS FRAGMENTED AND OFTEN AIMED AT SOLVING A SPECIFIC
PROBLEM FOR A SPECIFIC PROGRAM

VAST AMOUNT OF DATA, BUT IT IS POORLY ORGANIZED, OFTEN APPEARS CONTRADICTORY

NEW SEI REQUIREMENTS, SUCH AS LONG LIFE AND HIGH TEMPERATURES OF NUCLEAR
PROPULSION SYSTEMS, WILL DEMAND NEW MATERIALS

PROPOSED ACTIONS/PROGRAMS

ESTABLISH OVERALL SPACE PROPULSION MATERIALS DEVELOPMENT PLAN BASED ON
PRESENT AND FUTURE SYSTEM NEEDS

STANDARDIZE TEST METHODOLOGY AND EQUIPMENT TO ELIMINATE DATA VARIABILITY

ESTABLISH A NATIONAL MATERIALS DATA BASE THAT CAN PROVIDE DESIGNERS AND
USERS WITH DETAILED PHYSICAL AND MECHANICAL CHARACTERISTICS, FLAMMABILITY,
PROPELLANT COMPATIBILITY, ETC. AS WELL AS A CATALOG OF NATIONAL EXPERTS IN
MATERIALS TECHNOLOGY

MAJOR OBJECTIVES

AN ONGOING PROGRAM TO CONTINUALLY DEVELOP NEW MATERIALS AND UPDATE
METHODOLOGY TO CHARACTERIZE THESE MATERIALS

WEAR-RESISTANT AND INERT MATERIALS FOR MECHANICAL COMPONENTS

MATERIALS THAT CAN WITHSTAND TEMPERATURES IN EXCESS OF 3000 © K
IDENTIFY DATA GAPS AND INITIATE PROGRAMS TO FILL THEM

MAJOR MILESTONES

PLAN - 1991
NATIONAL DATA BASE - 1993
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SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM

DEVELOPMENT, MAUFACTURING, AND CERTIFICATION PANEL
TOPIC: NONDESTRUCTIVE EVALUATION

ISSUES
* CURRENT NDE TECHNOLOGY IS INADEQUATE FOR PRECISE MATERIALS
CHARACTERIZATION AND PROCESS CONTROL

» DATA BASE FOR DEVELOPING STANDARDS AND CERTIFICATION DOES NOT COVER
CRITICAL PROPULSION COMPONENTS

* NDE AND DESIGN NEED TO BE INTEGRATED FOR ENHANCING COMPONENT
INSPECTABILITY

PROPOSED ACTIONS/PROGRAMS

* INITIATE A PROGRAM TO CORRELATE NDE PARAMETERS TO DESTRUCTIVELY
MEASURED MATERIALS PROPERTIES

« DEVELOP IN-SITU NDE MONITORING WITH AUTOMATED FEEDBACK FOR PROCESS
CORRECTION

» ESTABLISH DATA BASE FOR STANDARDS AND CALIBRATION METHODOLOGIES
» DEVELOP A PROTOTYPE MONITORING SYSTEM FOR ENGINE TEST ENVIRONMENT
* IDENTIFY - HIGH RISK / PAY-OFF COMPONENTS / STRUCTURES

MAJOR OBJECTIVE

» DEVELOP AND IDENTIFY INNOVATIVE NDE TECHNIQUES TO MEET THE CHALLENGE OF
EXISTING AND ADVANCED SPACE PROPULSION

MAJOR MILESTONES

» IDENTIFY NDE IMPERATIVES FOR TERRESTRIAL AND SPACE APPLICATIONS - '92
» INTEGRATE NDE, MATERIALS PROCESSING AND ANALYSIS/DESIGN ACTIVITES -'83
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SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM

DEV%LOPMENT, MANUFACTURING, AND CERTIFICATION PANEL
TOPIC: CONCURRENT ENGINEERING

ISSUES
FROM MISSION REQUIREMENTS TO SYSTEM IN-SERVICE DEVELOPMENT CYCLE IS:

INADEQUATE FOR SIMULTANEOUS INTERACTION AMONG PARTICIPATING DISCIPLINES
INFLEXIBLE FOR ADAPTING TECHNOLOGY ADVANCEMENTS INTO A DISCIPLINE

BASED ON AD-HOC REVISIONS, TO RESOLVE CONTINUOUSLY SURFACING PROBLEMS
TIME CONSUMING

COSTLY OVER THE TOTAL SYSTEM DEVELOPMENT CYCLE

RELIANT ON EXTENSIVE COMPONENT TESTING FOR VERIFICATION AND SIMULATED PROOF
TESTING, FOR SYSTEM VERIFICATION

PROPOSED ACTIONS/PROGRAMS

COMPUTATIONAL SIMULATION OF THE CONCURRENT ENGINEERING PROCESS
VERIFICATION ON EXISTING PROPULSION SYSTEM

MAJOR OBJECTIVES

DEVELOP PLANS / ENVIRONMENT TO NURTURE CONCURRENT ENGINEERING MINDSET
DEVELOP DISCIPLINE-SPECIFIC SOFTWARE SIMULATIONS WITH INTERFACING CAPABILITY
DEVELOP SMART NEURAL NETS FOR EVALUATION OF LOCAL / GLOBAL EFFECTS

INCORPORATE ABILITY TO AUTOMATICALLY FOCUS ON PRIORITY DISCIPLINE TASKS,
PROBLEM AREAS, AND STRATEGIC ISSUES.

INCORPORATE LOGIC TO IDENTIFY CRITICAL FABRICATION SUPPORT FOR MAXIMUM COST
BENEFITS

INCORPORATE PARALLEL PROCESSING.

MAJOR MILESTONES

DISCIPLINE-SPECIFIC MODULES -- 1993
NEURAL NETS -- 1994

VERIFICATION -- 1995
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| SPACE TRANSPORTATION PROPULSION
| TECHNOLOGY SYMPOSIUM

TOPIC: INFUSION OF INSTRUMENTATION TECHNOLOGY INTO

|
| DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL
|
| QPERATIONAL TEST PROGRAMS

ISSUES

« THE INTERFACES OF TECHNOLOGY DEVELOPMENT, ADVANCED DEVELOPMENT AND
OPERATIONAL ACTIVITIES ARE NOT CLEARLY DEFINED

e THE TEST TECHNOLOGY DEVELOPMENT AND VALIDATION SHOULD LEAD THE DESIGN
PHASE 2 TO 3 YEARS AS A MINIMUM

e THERE ARE MANY DIFFERENCES IN THE WAY TECHNOLOGISTS AND TEST OPERATORS
PERCIEVE PROGRAM PROBLEMS

« THE TRANSFER PROCESS OF TECHNOLOGY TO OPERATIONS REQUIRES MAJOR RE-
EVALUATION AND MODIFICATION
! P AM
» ESTABLISH A PROPULSION INSTRUMENTATION TECHNOLOGY WORKING GROUP
« DEVELOP MORE AWARENESS, UNDERSTANDING, AND COMMUNICATIONS BETWEEN
TECHNOLOGY AND OPERATIONAL ELEMENTS THROUGH JOINT WORKSHOPS AND
PROJECTS PREVENTING "BLIND SPOTS"

» INCREASE THE TECHNOLOGY FUNDING AND PHASE IN EARLY INTO PROGRAM, BUT PLAN ON
PERIODIC OPERATIONAL IMPROVEMENT PHASES

e ESTABLISH "TEAM WORK" WITH "OWNERSHIP" RECOGNITION. MORE EMPHASIS IS REQUIRED
ON INTEGRATING THE PROCESSES

» DEVELOP TECHNOLOGY TRANSFER PROGRAM TO TRANSFER COMMERCIAL TECHNOLOGY
INTO NASA

« ESTABLISH USER RECOGNIZED VALIDATION AND PROOF OF UTILITY METHOD

MAJOR OBJECTIVES

¢ A LONG-RANGE PLAN TO PROVIDE CONTINUAL IMPROVEMENTS IN THE TECHNOLOGY /
OPERATIONS TRANSFER PROCESS.

MAJOR MILESTONES

+ ESTABLISH WORKING GROUP - SEPTEMBER 1990
DEVELOP LONG-RANGE PLAN - MARCH 1991
* IMPLEMENTATION - OCTOBER 1991 --- - -
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SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL
TOPIC: CERTIFICATION TEST REQUIREMENTS
ISSUES:

*  NO INDUSTRY / GOVERNMENT-WIDE RECOGNIZED METHODOLOGY

* CURRENT APPROACH IS HEAVILY DEPENDENT ON EXPENSIVE AND TIME CONSUMING TEST
PROGRAMS

«  NO QUANTIFICATION OF ENGINE RELIABILITY
¢ NO SPACE-BASED ENGINE OR SYSTEM CRITERIA EXIST

PROPOSED ACTIONS/PROGRAMS

* ESTABLISH NASA/INDUSTRY CERTIFICATION WORKING GROUP

¢ PERFORM A SURVEY OF METHODS, TOOLS, DATA, ETC

* DEVELOP REQUIREMENTS FOR FUTURE ETO AND SPACE-BASED SYSTEM
» DEFINE AND VERIFY METHODOLOGY AND TOOLS

MAJOR OBJECTIVES

+ JUSTIFIABLE REQUIREMENTS FOR FUTURE ETO AND SPACE-BASED PROPULSION SYSTEMS
CERTIFICATION

¢ METHODOLOGY WHICH QUANTIFIES SYSTEM RELIABILITY AND OPTIMIZES REQUIRED
TESTING

MAJOR MILESTONES

* SURVEY COMPLETED - 1991

* REQUIREMENTS DEFINED - 1993

* METHODOLOGY DEFINED AND VERIFIED - 1996
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SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL
TOPIC: TEST VS. SIMULATION

ISSUES:

* RELIANCE ON ANALYSIS INSTEAD OF TESTING FOR CERTIFICATION CREATES MAJOR
PROGRAM RISKS

» SPACE FLIGHT ENVIRONMENTAL EFFECTS CANNOT BE ACCURATELY SIMULATED

« COMPLEXITY OF INTERACTIVE CHARACTERISTICS OF VARIOUS SUBSYSTEMS CANNOT BE
ACCURATELY- SIMULATED

+ TECHNOLOGY FOR FLUID MANAGEMENT (PARTICULARLY CRYOS) IN SPACE IS INADEQUATE

« ADVANCED PROPULSION SYSTEMS MAY REQUIRE TEST FACILITIES MORE COMPLEX OR
UNIQUE THAN PRESENTLY AVAILABLE

PROPOSED ACTIONS/PROGRAMS

e PERFORM GROUND AND FLIGHT EXPERIMENTS TO CHARACTERIZE LOW-G FLUID BEHAVIOR
AND HEAT TRANSFER

« DEVELOP COMPREHENSIVE COMPONENT AND SYSTEM MODELS THAT -ADDRESS FLUID
DYNAMICS, THERMODYNAMICS, AND MECHANICAL PERFORMANCE IN ALL FLIGHT REGIMES

* VERIFY MODELS BY TEST
A B \'A

+ A COMPREHENSIVE DATA BASE IDENTIFYING SPACE ENVIRONMENT AND ITS EFFECTS ON
PROPULSION SYSTEM FLUIDS

» DEFINITION OF DESIGN AND GROUP TEST PARAMETERS FOR SPACE-BASED PROPULSION
SYSTEMS AND PROPELLANT RESUPPLY SYSTEMS

» CAPABILITY TO SIMULATE COMPLEX INTERACTIONS BETWEEN SUBSYSTEMS IN SPACE
FLIGHT ENVIRONMENT

* INCLUDE GROUND PROPULSION SYSTEM TESTING IN ALL FUTURE PROGRAM PLANS

A MI TON
+ ESTABLISH WORKING GROUP TO DEFINE THE REQUIRED TECHNOLOGY PROGRAM - 1991
« FLIGHT EXPERIMENTS PLANNED, OTHERS MAY BE REQUIRED

- TPCE 1991
« CONE 1995
-« CTE 1996

COLD-SAT 1998
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SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL

CONCLUSIONS

TECHNOLOGISTS TEND TO OVERLOOK MUNDANE UNGLAMOROUS PROBLEM
AREAS AND THIS IS WHY WE STILL STRUGGLE WITH PROBLEMS LIKE LEAKING
VALVES AND COUPLINGS, IRON NITRATE CONTAMINANTS, AND EXTENSIVE
CHECKOUT. OPERATIONS.

THERE OFTEN EXISTS A GAP BETWEEN TECHNOLOGY PRODUCTS AND
PROGRAM NEEDS. ADVANCED DEVELOPMENT PROGRAMS SHOULD BE
SUPPORTED (FUNDED) TO BRIDGE THIS GAP, OR THE TECHNOLOGIST SHOULD
MAKE HIS PRODUCTS READILY USEABLE BY THE SYSTEM DEVELOPER.

CULTURAL AND PROGRAMMATIC BARRIERS EXIST TO EFFICIENT TECHNOLOGY
TRANSFER. RESPONSIBLE AND DEDICATED NASA-WIDE WORKING GROUPS
ARE RECOMMENDED FOR VARIOUS DISCIPLINES TO PLAN SPECIFIC
PROGRAMS -- AN INDICATION THAT THERE IS A LOT OF IMPORTANT
INFORMATION THAT IS NOT SHARED ROUTINELY, AND THAT A STRONG NIH
SYNDROME EXISTS AND MUST BE OVERCOME.

OUR PROPULSION SYSTEM TEST FACILITIES ARE AGING AND NEED TO BE
UPGRADED. SEI CANNOT SUCCEED WITHOUT EFFICIENT AND COST EFFECTIVE
TEST FACILITIES.

CERTIFICATION FOR SPACE-BASED/LONG DURATION FLIGHT PROPULSION
SYSTEMS WILL BE A MAJOR ISSUE AND WE WILL NEED TO AUGMENT OUR

CURRENT METHODOLOGY TO ACCOMMODATE IT -- SOME NEW MATERIALS,
TEST/NDE METHODS, AND ANALYTICAL APPROACHES.
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OPERATIONAL EFFICIENCY
PANEL
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PANEL ON

SECTION 3.4.1

OPERATIONAL EFFICIENCY

Chairman: Don Nelson - JSC
Co-Chairman - Russ Rhodes - KSC
Co-Chairman - Marv Carpenter - SSC
Co-Chairman - Fred Huffaker - MSFC
Co-Chairman - Charles Holliman - HQ
Topic Panel Members
SHUTTLE DERIVATIVES

Pre-Launch Activities
Flight Operations

Mission Success Assurance
Space Basing

ELYVs

Pre-Launch Activities
Flight Operations

Mission Success Assurance
Space Basing

UPPER _STAGES/MANNED DEEP SPACE PROBES

Pre-Launch Activities
Flight Operations

Mission Success Assurance
Space Basing

UPPER STAGES/MANNED DEEP SPACE PROBES

Pre-Launch Activities
Flight Operations

Mission Success Assurance
Space Basing

Rapporteur:
Facilitator:
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Robert Bush, (SSC)
Ray Byrd, (Boeing)
Marv Carpenter, (SSC)
Don Chenevert, (JSC)
Mac Dowdy, (JPL)
John Emst, (HQ)

Del Freeman, (LaRC)
Paul Fuller, (Rocketdyne)
Fred Huffaker, (MSFC)
Dale Joyce, (Ford)
Dave Lemoine, (P&W)

Victor Mosley, (Ford)
Ron Pauckert, (Rocketdyne)

W. T. Powers, (MSFC)

Ray Randolph, (Rockwell)
Russ Rhodes, (KSC)

Bob Sackheim, (TRW)

Bill Tabata, (LeRC)

Jim Taylor, (SSC)

Doug Thorp, (Lockheed)
Bob Vacek, (Edwards AFB)

Glenn Waldrop, (Rocketdyne)
George Wong, (Rocketdyne)

Charles Wood, (SSC)

Brenda Wilson
Bill Dickenson
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OPERATIONAL EFFICIENCY PANEL
SUMMARY REPORT

PRECEDWa FAGE BLAiil NUT FILMED

803



PANEL ON
OPERATIONAL EFFICIENCY

CHESTER VAUGHAN
NASA JSC
6/29/90
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PANEL ON OPERATIONAL EFFICIENCY
¢ TWO SUBPANELS OPERATED IN PARALLEL
e UPPER STAGES - FRED HUFFAKER MSFC

e ELV’S AND SHUTTLE DERIVED VEHICLES
- RUSSEL RHODES, KSC

e WHITE PAPERS PRESENTED TO EACH PANEL FOLLOWED BY
DISCUSSIONS RESULTING IN PRESENTATION CHARTS

e ANSWERS TO THE PRE-CONFERENCE SURVEY SENT OUT BY DON

NELSON WILL BE COMPILED AND DISTRIBUTED POST
CONFERENCE

TAGE OPERATI L EFFICIENCY SUB-PANEL

NAME ORGANIZATION PHONE
FREDRICK HUFFAKER NASA/MSFC/FT31 205-544-8490
RON PAUCKERT ROCKETDYNE 818-718-4875
DALE H. JOYCE FORD AEROSPACE 415-852-5698
AL SCHALLENMULLER MARTIN MARIETTA 303-977-0770
BILL TABATA NASA LeRC 216-433-6139
ROBERT BELL BALL AEROSPACE 303-939-6669
LARRY COOPER NASA LeRC 216-433-8089
WILLIAM T. POWERS NASA/MSFC/EB22 205-544-3452/3436
DUANE LUNDAHL ROCKET RESEARCH 202-331-0004
JOE KEELEY MARTIN MARIETTA 303-977-8614
RICK RINEY MARTIN MARIETTA 303-977-7499
STANLEY RUBIN UNIV. of CINCINNATI 513-556-6272
CHET VAUGHAN NASA JsC 713-483-3995
LUISR. PENA GEN DYNAMICS SPACE 619-547-7200
BILL KETCHUM GDSS 619-496-7379
MERL LAUSTEN AEROJET 205-883-0500
DAVE BYERS LeRC 216-433-2447
MACK DOWDY JPL 818-354-2182
VIC MOSELY FORD AEROSPACE 415-852-5102
BOB SACKHEIM TRW SPACE & TECH GRP 213-813-9304
H.W. PATTERSON BOEING AEROSPACE 206-773-9868
H. WICHMANN MARGUARDT 818-989-6907
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R

GOALS
PERATIONS EFFICIENCY/UPPER STAGE
KET ENGINE

USA PREEMINENCE IN HIGH PERFORMANCE ROCKET ENGINE (WITH
EMPHASIS ON LOX-HYDROGEN) DEVELOPMENT, PRODUCTION, TESTING
AND UTILIZATION FOR INTERNATIONAL, NATIONAL, AND COMMERCIAL
UTILIZATION WITH OPERABILITY, LOW COST, RELIABILITY, AND SAFETY

NASA EVOLVE ALTERNATIVE SPACE TRANSPORTATION ENGINE
TECHNOLOGIES TO MEET NATIONAL MISSION AND SPACE EXPLORATION
REQUIREMENTS FOR MAN RATING, EXTENDED MISSION DURATION,
THROTTLING, AND SPACE BASED OPERATIONS FOR CRYOGENIC,
STORABLE AND NUCLEAR SYSTEMS

PROPULSION SYSTEMS

NASA DEVELOP PROPULSION INTEGRATION/SUPPORT SYSTEMS
TECHNOLOGIES IN PARALLEL WITH ENGINE SYSTEMS INCLUDING
CRYOGENIC FLUID MANAGEMENT, SYSTEM HEALTH
MONITORING/CONTROL ELECTRO MECHANIC ACTUATORS, O5/Hj RCS,
ADVANCED MATERIALSAND HIGH RELIABILITY FLUID CONTROL
COMPONENTS AS REQUIRED TO MEET NATIONAL MISSIONS AND SPACE
EXPLORATION. INSURE THAT THIS TECHNOLOGY CATEGORY HAS A HOME
IN CODE R.

NASA DEVELOP LOW THRUST PROPULSION TO MAXIMIZE EARTH-ORBIT
AND PLANETARY ECONOMICS/PERFORMANCE
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10.

11.

BSERV, NS/I E

AS TQM HAS PROVEN TO MANY, CONTINUOUS INTERACTION BETWEEN “USERS”
AND SUPPLIERS IS NECESSARY TO PROVIDE A BETTER PRODUCT. NUMEROUS
WEAKNESSES HAVE BEEN NOTED WITH THE EXISTING TECHNOLOGY PLANNING
PROCESS. RECOMMEND WE SET UP POINTS OF CONTACT IN THE NASA
CENTERS/HDQ'S AND INDUSTRY TO INSURE CONTINUOUS DIALOGUE.

TECHNOLOGY NEEDS TO BE DIRECTED NOT ONLY TO REUSABLE SPACE-BASED
PROPULSION SYSTEMS, BUT ALSO TO IMPROVING THE CAPABILITY OF
EXPENDABLE SYSTEMS.

THE STS SHOULD INCLUDE CONSIDERATION FOR BOTH DIRECT LAUNCH AND
EARTH ORBIT ASSEMBLY MISSIONS.

EMPHASIS AT THIS SESSION WAS ON CHEMICAL PROPULSION; NEED TO HAVE
MORE CONSIDERATION FOR NUCLEAR/ELECTRIC ENGINES AND SYSTEMS

INFORMATION AVAILABLE AT THIS CONFERENCE DID NOT INCLUDE SYSTEM
ENGINEERING DATA ON THE TOTAL SYSTEM. NASA NEEDS TO BE CAREFUL AND
NOT SUB-OPTIMIZE.

THE SPACECRAFT PROPULSION SYSTEM IS THE FINAL "STAGE" AND THE
HIGHEST LEVERAGE LINK IN THE SPACE TRANSPORTATION SYSTEM (UP TO 80%
OF INJECTED MASS IS PROPULSION). UNIQUE LOW THRUST TECHNOLOGY
NEEDS SHOULD BE INCLUDED.

NEEDS FOR THE COMMERCIAL OPERATIONS SHOULD BE CONSIDERED IN ANY
NEW ENGINE DEVELOPED FOR EXPLORATION.

RELIABILITY AND SAFETY IS OBTAINED BY THE PROPER BLEND OF:
e SIMPLICITY
* DESIGN MARGIN
* REDUNDANCY
* MAINTAINABILITY

DESIGN TO MINIMIZE THE REQUIREMENT FOR MAINTENANCE

DESIGN TO ACCOMMODATE ORBITAL AND GROUND MAINTENANCE OF
SELECTED ITEMS WITH:

¢ APPROPRIATE ACCESSIBILITY

* EASE OF FAULT ISOLATION AND DETECTION

LONG DURATION MARS/PLANETARY MISSION PROPULSION SYSTEM NEEDS 12-
18+ MONTHS SPACE ENVIRONMENT TEST/DEMONSTRATION AND HOT FIRE
CHECKOUT PRIOR TO CRITICAL USE COMMITMENT
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OPERATIONAL EFFICIENCY
UPPER STAGE PANEL
TECHNICAL NEEDS

TECH/DEMO NEEDS NATL | LUNAR | MARS 7 ] 3 COMMENTS
ENABLING | ENHANCING | DESIRABLE
+ ENGINE PROPULSION NATIONAL MISSION
v INTERNATIONAL
- LOX-LHz RL-IO0 93 COMPETITION
UPGRADE (35K) YEAR VACUUM TEST
1
O aaaiNy D 94 | o4 v LEVEL 4/5 GROUND TEST
CONFIDENCE) DEMO, HEALTH MONITORING
. MAN RATING,
f‘é;i%’?gf&’fg‘;%m 97 97 v v THROTTLE/LANDER, SEI
PERFORMANCE
« THROTTLING
- IME-COMPACT ENGINE 97 v INTEGRATED MAIN ENGINE
(200K)
- GROUND TEST BED LeRC 95 v HARDWARE AVAIL 93
- ENGINE TECHNOLOGIES
« EMA ELECTRO- 93 95 95 . v
MECHANICAL
ACTUATORS
« PURGELESS ENGINE 93 95 95
« EXTENDABLE/ EXTEND | RETRACT | RETRACT v A/R 200 TO 1 IN 93, OK FOR
RETRACTABLE NOZZLE 93 96 10 MARS
+ ZERO NPSP 96 96 v He ELIMINATION
« STORABLE ENGINE- 95 95 v v g?ﬁsw‘“s SURFACE
(15-30K)
- THROTTLE
- FAULT TOLERANT
OPERATIONAL EFFICIENCY
UPPER STAGE PANEL
TECHNICAL NEEDS
TECH/DEMO NEEDS NATL [TONAR | MARS | 0 T2 T oesmmaie | COMMENTS
+ NUGLEAR THERMAL 7 2016 v INTEGHRATED VEHICLE
BOCKET NTR
« MTV ENGINE GROUND ? 2010
TEST THERMAL CONTROL
« RADIATION SHIELDING ? 2010
SSF SAFETY ORBITS
+ PROPULSION SUPPORT
- MAT'L & PROCESSES 93 96
- HEALTH MONITOR/ CONTL 93 96
«BIT 93 96
+ DIAGNOSTICS 93 96
- SENSORS 93 96
« ENGINE 93 96
« PROPELLANT/NVEHICLE 93 96
- VEHICLE/ENGINE 93 96
INTERFACE
+ ZERO LEAK QUICK 93 96
DISCONNECTS
GROUND TEST BED-1991
- CRYO FLUID MGMT 97 97 FLIGHT EXPERIMENTS
START 1991
* INSULATION 97 97
« SETTLING 97 97
* RESIDUAL DISPOSAL 97 97
+GAGING 97 97
« FILUREFILL 97 97
« CHILL DOWN 97 97
« FLUID TRANSFER 97 97
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OPERATIONAL EFFICIENCY

UPPER STAGE PANEL

TECHNICAL NEEDS

TECH/DEMO NEEDS | NATL | LUNAR | MARS 1 2 3 COMMENTS
ENABLING ENHANCING | DESIRABLE

« INTEGRATED 95

PROPULSION

SYSTEMS

(FLUID/GASSES)
- O,M, RCS (LARGE 95 95 v 25-500LBS.
- Fﬁlgf CELL(S ) 95 95 o PROPELLANT GRADE LIQUIDS
- MAIN PROPULSION 95 95

SUPPORT

OPERATIONAL EFFICIENCY
UPPER STAGE PANEL
TECHNICAL NEEDS
TECH/DEMO NEEDS | NATL | LUNAR | MARS 7 2 3 COMMENTS
ENABLING ENHANCING | DESIRABLE

- SPACE BASED OPS

- ROBOTICS 99 10 v

- SPACE TUG 99 10 v

- EVAIVA 99 10 v

- POWER 99 10 v

- WORKSTATIONS/ 99 10 v

CONTROL

- COMMUNICATIONS/ 99 10 v

DATA MGMT

- KEELHANGAR LOWER UPPER v

SSF-SUPPORT 2000 | 2011
< UNIVERSAL DATA

INFORMATION 95 95 v SIMILAR TO ALS-UNIS

SYSTEM
< HIGH RELIABILITY

FLUID 96 96

COMPONENTS

- LUNAR/MARS
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OPERATIONAL EFFICIENCY
UPPER STAGE PANEL
TECHNICAL NEEDS

1 2 3
TECH/DEMO NEEDS | NATL | LUNAR [ MARS ENHANCING | ENABLING | DESIRABLE COMMENTS
* SPACECRAFT PROP
* ADV. CHEM PROP 1994 1994 v - INCR. P/L TO BOL MASS RATIO
(LOW THRUST) - MIN. CONTAMINATION
* APS - LONG LIFE/INCR. RELIABILITY
+ACS - REDUCE TOTAL SYS COST
+ APOGEE (INCL V)
* PLANETARY - ENABLE SPACE
* RETRO, ASCENT BASING/RE-USABILITY
* DESCENT
» ELECTRIC PROP 1995 1996 1997 v MAY BE ENABLING (TRIP TIME)

+ STATION KEEPING

+ ORBIT TRANSFER

* PLANETARY
(DELTAV)

- INCR. PAL FRACTION

- MINIMAL PLANETARY TRIP TIME

- REDUCE OVERALL SYSTEM
COST

- COULD ENHANCE ROBOTIC

MISSIONS
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UPPER STAGE OPERATIONAL
EFFICIENCY SUB-PANEL

BACK-UP CHARTS

GUIDELINES FOR LUNAR/MARS INPUT

MILESTONES YR
LUNAR PROGRAM 1995
PDR 1996
CDR 1996-7
FIRST TEST FLIGHT 2002
CARGO TO MOON 2003
MAN TO MOON 2004

ARCHITECTURE, “90 DAY IN-HOUSE STUDY CONCEPT & CONTENT”
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SPACECRAFT PROPULSION NEEDS

THE SPACE TRANSPORTATION SYSTEM TECHNOLOGIES
MUST ADDRESS SPACECRAFT
PROPULSION TECHNOLOGY DRIVERS:

w MAXIMIZE PAYLOAD MASS FRACTION
- HIGHER SPECIFIC IMPULSE
- OPTIMUM PACKAGING
(VERY DIFFICULT TO PACKAGE LOW DENSITY
SYSTEMS EFFECTIVELY)
- LIFE

v ESTABLISH MISSION COMPATIBILITY/INTEGRATION CRITERIA
- CONTAMINATION

* EARTH OBSERVATION PAYLOADS

* PLANETARY
THERMAL
CONTROLS
- POWER

* MAXIMIZE SPECIFIC POWER FOR ELECTRIC PROPULSION
PROPULSION/PAYLOAD INTERACTIONS

= DEVELOP LOGISTICS & SERVICING CRITERIA
- MINIMUM PRE-LAUNCH COMPLEXITY
(E.G. ON-PAD PRESSURIZATION/LOADING)
- IN-SPACE SERVICING & REPAIR
- COMPATIBILITY WITH SPACE NODES
* MECHANICAL INTERFACES/DOCKING
* CONTROLS
* RF/DATA LINKS
* SAFETY
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LOW THRUST PROPULSION SYSTEM TECHNOLOGY DRIVERS

LEO LOGISTICS " HEO | ROBOTICS | SEI

EARTH ORBITAL PLANETARY DOD

ACS

APS

GROUND| STATE

STATION KEEPING

ORBIT CHANGE/
DRAG MAKE UP

RETRO MANEUVERS

PLANETARY LANDERS

PRIMARY AV

AEROBRAKE COUPLING

ARTIFICIAL GRAVITY

SENEENLY

ON-ORBIT/IN-FLIGHT

SERVICING/SPACE BASING

RE-USABILITY

PRE-LAUNCH OPERATIONS

¢ Simplifi

PROPULSION SYSTEM DESIRED FEATURES
Improve Launch Processing, Performance, Cost, Reliability, Safety

ed Subsystems

Single Engine

No Active Thrust Control

No Propellant Utilization

No Prelaunch Chilldown

Low NPSP, Simplified Pressurization

Simplified Environmental Control (No Purges)
Electromechanical Valve Controls

EMA TVC

All Welded System

Redundant Seals at Seperable Connections (i.e. lipseals)
Integral Heat Exchangers for Warming Pressurant Gas or
Autogenous H2 and O2 Pressurization Systems

Enhanced Checkout, System Monitoring

IHM - Integrated Health Monitoring
BIT - Built in Test

Automatic Operations, Checkout

Minimal/No Catastrophic Failure Modes

Robust Margins

Fault Tolerance

814




OPERATIONAL EFFICIENCY PANEL

COMBINED ELV AND SHUTTLE DERIVATIVE

SUBPANELS
AGENDA AND SUMMARY

. PANEL ATTENDEES: 40 TO 50

. WHITE PAPERS PRESENTED

PROVOCATIVE, FRESH, INNOVATIVE IDEAS
DEPARTING FROM CONVENTIONAL THINKING

FOCUSED DISCUSSION ON PROPULSION SYSTEMS
OPERATIONAL EFFICIENCY IN FIVE AREA

. OPERATIONAL EFFICIENCY QUESTIONNAIRE SURVEY

16 QUESTIONS TO PROVIDE VISIBILITY OF PANEL
PARTICIPANTS' OPINIONS AND UNDERSTANDING
OF SYSTEMS CONFIGURATION EFFECTS ON
OPERATIONAL EFFICIENCY

PANEL CONCENSUS EXAMPLES:

FOR FUTURE SYSTEMS OPERATIONAL
EFFICIENCY MUST BE “DESIGNED-IN,” NOT
ADDED SUBSEQUENT TO VEHICLE CONCEPT

EXISTING LAUNCH VEHICLES ARE NOT
OPERATIONALLY EFFICIENT

TO ACHIEVE OPERATIONAL EFFICIENCY USER
REQUIREMENTS AND EXPERIENCE MUST BE
REFLECTED IN CONCEPTUAL DESIGN AND

DEMONSTRATED DURING DEVELOPMENT
VEHICLES PRESENTLY UNDER DEVELOPMENT

ARE NOT INCORPORATING THE PROCESS FOR
OPERATIONAL EFFICIENCY :
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5. DEVELOPED COMPREHENSIVE LIST OF OPERATIONS 1
TECHNOLOGY NEEDS !

o EXISTING CLASS OF ETO VEHICLES (15-20)
o FUTURE-CLASS OF ETO VEHICLES (25-30)

o OVERALL NEW APPROACHES ENDORSED BY THE
SUBPANEL (6)

6. OPERATIONS MANAGEMENT PERSPECTIVE

o ESTABLISH A MEANS OF GETTING FIELD
OPERATIONS NEEDS-INTO TECHNOLOGY AND
DEVELOPMENT PROGRAMS (CSTI)

o NEED CONTINUING OPERATIONS REVIEW MEETINGS
TO ASSESS, REFINE AND PRIORITIZE TECHNOLOGY
LIST

o RECOMMEND OPERATIONS PROGRAM
ORGANIZATION, FUNDINGS, BUDGET AND
MANAGEMENT ... OEPSS

- FOCUS ON EFFICIENT PROPULSION
INTEGRATION

- INCLUDE OPERATIONS NEEDS IN DESIGN
PROCESS

- ESTABLISH MANAGEMENT STRUCTURE, AND

NASA CENTER ROLE, MISSION, AND
PROCUREMENT
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7. STS PROPULSION TECHNOLOGY SYMPOSIUM, JUNE 25,
1990

o VITAL NEED FOR OPERATIONS FORUM
ACCOMPLISHED AT PENN STATE

o BROAD "GRASS-ROOTS" SUPPORT FOR
OPERATIONS EFFICIENCY EXPRESSED

o CONTINUING NEED FOR FORUM AND ACTION
REVIEW IDENTIFIED

- GOOD START AND FIRST STEP IN PROCESS .....
- NEED YEARLY PLANNED REVISIT .....

- BIG JOB AND TOO LITTLE TIME FOR PANEL
MEETINGS ..... |

- HOPE WE TAKE NEXT STEP TO COMPLETE
PROCESS AND SET TONE FOR FUTURE
MEETINGS.....

- COMPLETED PANEL MINUTES AND MATERIALS
PACKAGE SUBMITTED

817



SPACE TRANSPORTATION PROPULSION
TECHNOLOGY SYMPOSIUM
PENNSYLVANIA STATE UNIVERSITY

OPERATIONAL EFFICIENCY PANEL
ELV SUBPANEL SESSION
June 27-28, 1990

Wednesday_lune 27. 1990 - Willard Buildios. Reom 260. 150

The panel convened at the Willard Building, Room 260, 1:50 p.m., June 27,
1990. Russ Rhodes, acting as moderator, opened the session with a
presentation of the panel agenda. This panel session included “ELS
Operational Efficiency” and "Shuttle Derivative” panel participants because
Don Nelson, panel leader for SD was ill and could not attend. Bill Dickinson
served as rapporteur.

1. Designing Liquid Rocket Engines for Operationally Efficient
Propulsion System - Dave Lemoine, Pratt & Whitney Airqraft

o} Program development teams must have dedicated Operations
Managers
o} TQM was applied over a long period to reduce the maintenance
MHS-to-flight hours ratio on turbojet engines from 3:1 to about
8:1
o This approach holds great promise to enhance launch vehicle
operational efficiency
o Required: - define requirement
- document lessons learned
- get hands on user input
- establish accessible data base
- publish broadly in aerospace industry
- mandate requirements
- involve hands-on users in selection/evaluation
process
- establish contractor dialogue
- sensitize senjor management
- allocate development funding
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3a.

The Propulsion System is the Key to Airline-Like Operations - Chuck
O'Brien, Gencorp Aerojet

0

0000 Oo

o

The figure of merit is life cycle cost per pound of payload
delivered to LEO

Current operational system is costly and labor intense
Current practice drives cost - 1970 technology and operations
Multiple stages is major cost driver

Ultimate goal is fully automated operations

Technologies have emerged to allow SSTO

Efficient propulsion system operations; the challenge is here
and we must meet it

Even though we've made studies in Operational Efficiency with
ALS, we have a long way to go

There must be new, upfront financing of operability
development

Space Shuttle with Common Fuel Tank for Liquid Rocket Booster &
Main Engines (Super Tanker Space Shuttle) - Doug Thorpe, Lockheed
Space Operations, Co.

©Co0O0O0

Q

One single set of propellant tanks for entire launch propulsion
2/3 wt. of tank - mounted engines staged after boost phase
Reliability can reach .9997
SRB HCL and ALO are unacceptable environmental pollutants -
Super Tanker eliminates - all LO2/LH2
Current STS cost $273.5M/flight ($5470/1b to LEO)

STS Super Tanker cost ($3300/1b to LEO)
Super tanker flow approximately 45 days or mission every ten
days

Determining Criteria for Single Stage to Orbit - Doug Thorpe, LSOC

SSTO flow - launch 24 hours after start of super tanker offload
Benefits - extreme reduction in processing time
- internationally competitive
Must incorporate OEPSS technologies
$1350/1b to LEO
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Propulsion Technologies for Near Term - Gopal Mehta, General
Dynamics

0

o)

0

0

Current vehicles are prime candidates for development of new
technologies which benefit near-term commercial as well as far-
term national needs

Provides “lessons learned” for future new vehicles to achieve
integrated design

Use Atlas E for Booster Recovery Module (BRM) development
and flight test proposed

More emphasis needed on developmental programs

Operationally Efficient Propulsion System Study (Ground Operations
Concerns/Problems) - Glen Waldrop, Rocketdyne

0

o

0

'Contemporary operations are a “nightmare” of interrelated,

complex management and technical interfaces

“Big Hitter" is closed aft compartment as one of 25 "operational
concerns” identified and discussed in OEPSS

Hydraulics and hypergols are also surprisingly large detractors
from operational efficiency

Operationally Efficient Propulsion System Study (New Technologies) -
George Wong, Rocketdyne Division of RI

o
0

0

Discussed causes and effects of the 25 operational concerns
The 25 concerns represent probably two or more days of
detailed discussion needed at some future meeting/discussion
Samples:
- Separate engine He systems

- 7 He tanks

- 63 valves, regulators, filters and PCA

- Many leakage and maintenance requirements
- Integrated He system

- 1 He tank

- 9 Valves, regulators, filters, etc.

- 1 PCA controller

- Greatly reduced leakage and maintenance requirements
The study identifies significant requirements for future
technologies developments
These technologies are applicable to numerous existing and
conceptual vehicles
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John C. Stennis Space Center Roles and Missions - Don Chenevert, SSC

o

SSC has many elements in common with KSC for developing

operational efficiency

- Plume diagnostic test program to assess safety and
enable shutdown - elements, materials, frequency,
spectrum

- H2 sensing development - leak detection-smart sensors

- Thermal infrared imaging technology development - STS
ice detection and thermal anomaly assessment

Developmental programs usually ignore/forget to fund

development testing. This item must be included in all future

new programs

H2 sensing on-flight hardware is a good topic for a future

-engine technology conference

The needs for propulsion test technology have been neglected
and must be recognized to achieve near-term and future
operational efficiency in propulsion
Por relatively small, constant dollars, a number of applied
technology development and technology transfers can be made
into propulsion testing
Technology needs in propulsion test technology:
Non-intrusive diagnostic sensors and systems
0 Plume diagnostic techniques
o Gas and leak detection
o Multi-spectral imaging technology
- Expert system test data knowledge systems and test
techniques
- Studies to optimize propulsion test operations and work
flow
- Cryogenic and future propellant storage, handling,
operations, instrumentation, and automated operations
- ‘Ground support equipment interface and operational
development

Weather Prediction for Launch Support (Weather Support Office) -
Jack Ernst, NASA Headquarters

o

Adverse weather impact is an additional unlisted operational
impact - lightning within five miles, upper winds, rain, wind,
etc.

KSC has 80-90 thunderstorm days/year
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o Advisories stop propellant, ordnance, hypergol, rollout, aircraft
operations - immense potential impact on operational efficiency,
13.5% lost MHs in July; 11% in August, etc.

o A message is the incentive to eliminate ordnance, hypergols,
and utilize clean-plume propellants to minimize lightning
trigger

Propulsion Ground Testing (Simulation Capability Assessment) -
Charles Wood, Rockwell

o Risk leve! defined - hardware replacement and repair affected -
over 200 on Saturn program

o Propulsion related simulation technology development is
needed in some areas

o System testing has prevented catastrophe and mission loss
events

o Unusual test facilities and systems may be needed
- e.g., we lost lots of time on leakage - i.e. “no leak”

connectors should be developed
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OPERATIONAL EFFICIENCY PANEL SURVEY

A primary goal of this Space Transportation Propulsion Technology Symposium is
to identify technology gaps, if any, between the user's needs and the technol-
ogy developers. Flight and ground systems (total system end-to-end, whether in
space or on ground, without regard to contractor or Center interfaces) opera-
bility can be determined by many ways, how well were functions integrated to
minimize components and systems; how well were components and systems instru-
mented and automated by health monitoring and diagnostic systems; how well was
new technology applied to eliminate hands-on inspection and testing; and how
well was new technology applied to eliminate traditional concepts/approaches
that result in greater simplicity to overall Space Vehicles.

Please answer the following questions, which will provide visibility concerning
the above process and allow proper communication during this subpanel session.
It can also be used to develop findings and observations for panel output.

The following questions address the propulsion aspects of space vehicles:

1. Do you believe that operations efficiency is only a function of flight or
ground operations work control?

Yes No

2. Do you agree that vehicle systen and component design are key to irproving
operational efficiency?

Yes No

3. Do you believe that experience from the hands-on user must be provided as
visibility back to the Advanced Conceptual Designer to provide measurable
progress in increased operability?

Yes No

4. Do you believe current space vehicles are designed operationally efficient?

Yes No
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5. Do you believe the next generation conceptual vehicles are being designed
operationally efficient?

Shuttle C: Yes No

ALS: Yes No

NASP: Yes No
AMLS: Yes No
6. Is TQM really being implemented by the procuring agent (NASA or Air Force)?

Yes No

7. To be competitive in the world, during the next 20-30 years, in space
propulsion, should this country strive for a level of operability to accom-
plish:

2 launches per year Using: One launch pad_.

12 launches per year_ Using: Two launch pads___
24 launches per year

52 launches per year_

100 launches per year

360 launches per year

8. Do you believe the Government requires new organization structuring within
the NASA to produce operationally efficient space vehicles in the future?

Yes No

9. Should procurement practices be changed to allow a non-constrained more
creative environment during the conceptual and advanced design phases of new
programs, resulting in greater operational efficiencies?

Yes No

824




10. Is there, or should there be, a great difference in the design for
man-rating vs. non-man rated?

Yes No

11. Do you agree that space-based propulsion systems should be designed to
require no-hands-on functions to verify system is ready for servicing and
launch?

Yes No

t———

12. Do you believe that Space Shuttle operational efficiencies problem/con-
cerns have been addressed in the next generation design concepts providing
operational efficient solutions?

Yes No

If yes - which programs and where?

13. Do you agree that a space-based propulsion system concept should be
demonstrated on earth-to-orbit missions first to allow adequate understanding
and visibility of overall performance (all aspects) before comiting to
space-based?

Yes No

14. Do you believe the propulsion discipline needs a method to measure
operability (like reliability or performance) so that this function can be
properly managed?

Yes No

15. Do you agree that hands-on functions like mating, testing, and inspection
should be designed out or minimized to allow increased operability for ETO and
to enable space basing?

Yes No
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16. For the far term propulsion development, do you agree that we should plan
on utilizing the planets and astervids for providing source material, ie., feed
stock for propulsion concepts to allow man's expanding his flight profile in
space. Perform research and technology development to use these elements that
are plentiful at each major heavenly body?

Yes No

SIGNATURE AND ORGANIZATION
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OPERATIONAL EFFICIENCY QUESTIONNAIRE SURVEY

Summary - 28 Responses

QUESTION YES NO NO COMMENT

1 2 26

2 28

3 28

4 28

S ShC 1 21 6
ALS 10 16 2
NASP 3 14 11
AMLS S 12 11

6 4 22 2

7 2-0 Pads 1-4
12-0 2-20
24-5 No Preference 4
52-12.5
100-6.5
360-3

8 25 2 1

9 28

10 4 24

11 27 1

12 7 19 1 (1-Partially)

13 22 S 1

14 28

15 27 1

16 26 1 1

Question 7 provides interesting insight into panel opinion on launch
rate/year/pad. The following is a supplementary tabulation of those who
signified pad quantity on the questionnaire:

50/Yr/Pad  25-26/Yr/Pad  12/Yr/Pad 180/Yr/Pad 360/¥r/Pad
9 8 5 l 1
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EXISTING CLASS ELV UPGRADES

o EMA - top priority - all agreed to high importance/desirability

o Need splinter group conferences on potential upgrades for existing
ELVs
- Health monitoring

o Recover boosters? Depends on systems. Concensus did not clearly
defend water recovery - Item deleted

o Expert systems and smart BIT added to integrated health monitoring

0 Insensitive ordnance devices - laser initiated devices

o No purge pump seals

o No purge combustion chamber (start - shutdown)

I o] Sub Panel Meeting - Willard Buildi
Room 260

Continuation of yesterday's work: “Existing Class ELV Upgrades”

Big Objective: Identify technologies to pursue, to enable operational
efficiency in launch vehicles; i.e., technologies that need development and/or
maturation to enable their use (Ref. A.1 & A.2)

Big point: we need engine/propulsion modules to use as building blocks for
an entire vehicle family.

o From Shuttle C point of view, should the ASRM type expenditure be

continued?

- Concensus agrees ASRM was major NASA management decision
for a variety of reasons and is irreversible

- Panel was essentially liquid propulsion specialists who
recognize another variety of operational and performance
factors that would eliminate SRBs if the management
environment would allow. The panel does not like the SRM
approach.

- Pane| agrees new solid propulsion will ultimately be as
expensive as an entirely new booster such as LRB

- ASRM negatives include:
- Safety - uncontrollable performance envelope
- Large environmental pollutant - HCL, ALO, ozone layer,

acid rain

- Panel agrees funds could be better allocated to a liquid

propulsion booster system
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Reference A.l

OPERATIONS TECHNOLOGY APPLICATION

No purge pump seals
No purge combustion chamber (start - shutdown)

Oxidizer-rich turbine, LOX turbopump (high developmental concern
noted)

Hermetically sealed inert engine and tanks (prelaunch)

Combined 02/H2, MPS, OMS, kCS. fuel cell, thermal control systems
Flash boiling tank pressurization

Zero - NPSH pumps (tank head pressure start)

Electric Motor Actuator (EMA)

No leakage mechanical joints

Automated self-diagnostic condition monitoring system
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EXISTING SYSTEMS
Insensitive ordnance devices
- Laser initiated ordnance
Multiple turbopumps - one shaft
Ground based systems - upgrade
Quick disconnects
Heat shields - improve/upgrade
- Accessibility
- Eliminate

Integrated designs - propulsion module
- Possibly multiple chambers

Reference A.2
(Page 1 of 1)

- use existing hardware - develop and demonstrate

- includes tank

Insulation to eliminate Liquid Air

Contamination tolerant hardware/processes; i.e., welds, brazes,

cleanroom operations

Improve hydrogen detection techniques
- Discrete sensors

- Area scanning

- Quick response

- Minimum calibration

- Helium detection with high helium background

Nozzle cracking prevention

Non-Destructive, non-intrusive techniques for inspections - welds

- Upgrade existing techniques
- In-place
- Real time
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Reference A.2
(Page 2 of 2)

o Improve vacuum jacketed lines
- Physical robustness
- Eliminate

o Tracking operations maintenance data - problem database
- Improve problem visibility
- Manage information
- User and depot level information
- Measurement
- Paperless Systems

o Fluid components internal self leak and functional test
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NEXT GENERATION AND FUTURE CLASS ELVs

Panel re-examined Ref. A.1 chart and annotated Ref. B for new
systems

Built Ref. B.1 chart and B.! (cont.)

Does maanrating drive any unique technologies? No unique
technologies are seen; only a philosophical consideration for cheap
payloads such as propellant tankers.

Does space-based drive any unique problems or new technologies?
- Propellant Transfer

- Hands-off test and verification (fully automated)

- Propellant quantity monitoring

“Should the STEP program continue in its present approach (self-
imposed artificial interfaces and constraints [traditional approach])?
- Panel believes the STEP program should be revisited and

reassessed for definition and requirements envelope
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Reference B

FUTURE LAUNCH SYSTEMS
PROPULSION SYSTEM OPERATIONS TECHNOLOGY

No purge pump seals
No purge combustion chamber (start - shutdown)

Oxidizer-rich turbine, LOX turbopump for elimination of purge
(development difficulty noted)

Hermetically sealed inert engine and tanks (prelaunch)
Combined 02/H2, MPS, OMS, RCS, fuel cell, thermal control systems
Flash boiling tank pressurization

Zero - NPSH pumps (tank head start)

Large flow-range pumps

Differential throttling

Electric Motor Actuator (EMA)

No leakage mechanical joints

Automated self-diagnostic condition monitoring system
Integrated modularized propulsion module concept
Anti-geyser, LOX tank aft propulsion concept

id components internal self leak and functional test
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Reference B.l
(Page 1 of 2)

NEXT GENERATION AND FUTURE CLASS ELVs

Robust to weather - define real requirements and/or design to accept
lightning

- Ordnance

- Electronics

- Range safety systems

- Solid propellants

- Propellant transfer

Automated rollout, checkout, fueling
- Eliminate all hands-on following vehicle roliout

No bleeds

Tank head start

- No spin assist system

- Idle mode start (tank head idle) - to delete pressurization
system

Eliminate aft propulsion compartment
- Robust to natural, induced environments

Fuel and oxidizer, liquid form only at launch pad (minimize number of
fluids to load at Pad)

Integrated launch pad and operations facilities rather than distributed
(Philosophy Issue)

Totally integrated logistics support system

Slush hydrogen - operationally efficient processing technology and
near triple point oxygen and other near future propellants
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Reference B.l
(Page 2 of 2)

NEXT GENERATION AND
FUTURE CLASS ELVs (Cont.)

Determine impact and costs of improving and understanding of
required operations before incorporating in baseline designs of next
generations systems

Low cost, disposable disconnects

Low cost, disposable proputsion
- Solid motor philosophy towards liquids
- Two applications:

- valuable payloads

- fow cost payloads
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OVERALL NEW APPROACHES THE SUBPANEL
WOULD LIKE TO ENDORSE FOR FURTHER STUDY
AND SUPPORT

Single stage to orbit

Integrated propulsion module concept

Flight testing of new technology by contracting to commercial
Combining air breating and rocket modes during booster flight

Use of consortum team approach of total vehicle propulsion concepting
and advanced design (real TQM)

Propellant combination for ETO should be H2/02 for all new vehicles

All fluid systems functions be integrated to use only one fuel and one
oxidizer management system

Totally phase out the use of toxic/environmentally damaging
propellant

Composite tanks and lines/components (single stage enabling)

Recommend Deming/TQM methods be employed to develop more
operationally efficient procedures/processes

Dedicated "Operations” testbed; integrated propulsion ground and
flight systems 5

Operations steering committee, ongoing - plans and actions
Universal integrated launch facility |
Totally integrated logistic support system

Revisit range safety requiremeants for flight propellant dispersion

systems and safety factor requirements on ground support systems;
improve operational efficiency
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MANAGEMENT AREA FOR OPERABILITY

Need accepted technique to measure operability

Need user group to continue visibility forcing function, i.e., OEPSS type
activity on-going, i.e., annual propulsion systems operational
efficiency working group

- This should be an organized effort

- NASA Center role should be expanded to include this function

- Contractors suggest expanded effort

There should be an organized review (broad participation like this
one) of user needs vs. focused technology work to keep proper focus
on real needs

Where do we go from here? We need organized approach to
working each technology item, ie., sponsor, leader to manage the
funding, contracting and perform technical lead to develop and
mature (including flight test in some cases)
- Need a plan ‘
- Operations ADP, KSC, HQ, AFAL, LeRC, JSC, etc. ie., Air
Force ADPs and EMA project

Transfer of knowledge to next generation personnel
Experienced operations level position at HQS

Funding should be allocated proportionally to operations concurrent
engineering (managed only by operating center - not design center)

Expand design and experiments of system and components for all
projects to provide a data base of understanding to allow good
operational decision making (limit testing)

Implement probabilistic design/manufacturing process (test to failure)

some cases
Promote commonality

- _ Assure adequate spares
- Assure uniform, adequate specs and standards
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SECTION 3.6

PROGRAM DEVELOPMENT AND
CULTURAL ISSUES PANEL
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SECTION 3.5.1

PANEL ON PROGRAM DEVELOPMENT & CULTURAL ISSUES

CHAIRMAN: Ed. Gabris - Hgs
Co-Chairman: Chuck Eldred - LaRC
Co-Chairman: Harry Erwin - JSC
Co-Chairman: Eugene Austin - MSFC

CURRENT PROGRAMS FUTURE PROGRAMS
(ALS ENVIRONMENT)

LESSONS LEARNED (SHORTCOMINGS)
Roth, G. E. (NASA Hqts.)

TOPIC SPEAKER TOPIC SPEAKER
BEQUIREMENTS
Space Shuttle (LSOC) Ed Andrews ALS (GDC) W. Strobl
Fixed Capability (LSOC) Ed Andrews Environmental (GDC) W. Strobl
Considerations/TQM
Performance Driven (LSOC) Ed Andrews Assured Access (GDC) W. Strobl
to Space

IECHNOLOGY/PERFORMANCE/OPERATIONS

Technology Limited (Hgs. Shuttle Office) Performance Margins (ALS Contractors)

Performance Driven (ANSER) W. Dankhoff Cost Driven (P&W) D. Connell
(Rocketdyne) D. Fulton
(Aerojet) C. Lacefield

Labor Intensive (VITRO) H. Clark Skeleton Crews (VITRO) H. Clark
BELIABILITY/SAFETY
By Test Margin/Design
Redundancy (MSFC) R. Weesner Fault Tolerant Design (MSFC) R. Weesner
Engine on/off/out Safety
Constraints (redlines) Health Monitoring
PROCUREMENT/CONTRACTING
Competitive (Hgs.) Carol Saric Consortium (MSFC) S. Morea
Approach Approach
Mission Need (Hgs.) Carol Saric Joint Funding (MSFC) S. Morea
Statement/A10¢ (JPO Approach)
Year-to-year Funding (Hgs.) M. Peterson Multi-Year Funding  (Hgs.) M. Peterson
AIA Key Technologies Funding Strategy (Hgs.) D. Stone  (AlA) Dick Hartke (AIA) Tom Davidson

Rapporteur: Diane Gentry
Facilitator: Rodney Johnson
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SECTION 38.5.2

PROGRAM DEVELOPMENT AND
CULTURAL ISSUES PANEL
SUMMARY REPORT
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NASA - PROGRAM DEVELOPMENT & CULTURAL ISSUES psu
CULTURE CHANGE IS ESSENTIAL

o NEED TO SPEND THE NECESSARY TIME TO WELL
UNDERSTAND WHAT WE ARE GOING TO DO

DO A GOOD
JOB OF — NEED TO SPEND TIME TO DO iT RIGHT
PROGRAM NOT DO IT OVER
PLANNING

— NEED TO MAKE INVESTMENT IN TECHNOLOGY
& ADVANCE DEVELOPMENT

— NEED TO UNDERSTAND "SHOULD COST"

a MAKE CONTIGENCY PLANS
(BUDGET, TECHNOLOGY SCHEDULE)

NASA PROGRAM DEVELOPMENT & CULTURAL ISSUES PsU
CULTURE CHANGE IS ESSENTIAL

O MAINTAIN PROGRAM CREDIBILITY
PAY

ATT-[)EgT,ON , -- BE TRUTHFUL DON'T OVERSELL
UR
CUSTOMER 0 EDUCATION

0 STOP "NASA BASHING"

O REACH OUT EMPHASIS
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NASR - PROGRAM DEVELOPMENT & CULTURAL ISSUES psu
CULTURE CHANGE IS ESSENTIAL

0 NEED TO GIVE PEOPLE THE RESPONSIBILITY TO
DO THE JOB -- THAN LET THEM DO IT :

MICRO a IT IS THE SENSE OF CONGRESS THAT R139
MANAGEMENT SHOULD BE 150K

o OMB, GAO, OTA, SPACE COUNCIL, LOWEL WOOD,
STAFFERS, CONGRESS, PRESS....

0 LETS STUDYIT --- AGAIN
o LETS FORM A COMMITTEE...

OVER COME

NASA - PROGRAM DEVELOPMENT & CULTURAL ISSUES psu
CULTURE CHANGE IS ESSENTIAL

QO DESIGN - IN
PAY ATTENTION —~ MARGINS
TO REAL ~ LOW-COST
PROGRAM ~ OPERABILITY
REQUIREMENTS
O JUST SAY NO"

~ MAINTAIN COST/SCHEDULE CREDIBILITY
~ AVOID "CAN DO"
- AVOID "GET BY"

O PROCESS CHANGES

~ STREAMLINE ACQUISITION

- ZERO-BASE CONTRACT SPECIFICATIONS

~ ELIMINATE OPPORTUNITY / ABILITY TO INSPECT / TEST
~ STABLE (MULTI-YEAR) FUNDING

~ HOW MANY PEOPLE ARE REALLY REQUIRED

O UTILIZE TECHNOLOGY

~ ELIMINATE PROBLEM SUBSYSTEMS/PROCESSES
- IMPROVE MANUFACTURING
~ AUTOMATE INFORMATION PROCESSING; PAPERLESS SYSTEM
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NASA " PROGRAM DEVELOPMENT & CULTURAL ISSUES
CULTURE CHANGE IS ESSENTIAL

PSU

" 0 TOP MANAGEMENT COMMITTMENT

MAKE NASA

ATQM
ORGANIZATION a LISTEN TO STAFF

a COOPERATIVE CONTRACTOR ENVIRONMENT
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NASA PSU

PROGRAM DEVELLOPMENT & CULTURAL ISSUES

PLANNING - NEED TO SPEND THE NECESSARY TIME TO WELL
UNDERSTAND WHAT WE ARE GOING TO DO.

ADVOCACY NEED TO GIVE ALOT MORE ATTENTION TO SELLING
~ OUR PROGRAM

MICRO- - WENEED TO GIVE PEOPLE THE RESPONSIBILITY TO
MANAGEMENT DO AJOB - THAN LET THEM DO IT!

NASA PSU

PROGRAM DEVELOPMENT & CULTURAL ISSUES

CURRENT BUDGET PROCESS DICTATES A "GET-BY" PROGRAM-
REDUCING UP-FRON COSTS - IGNORING OPS - COST
IMPLICATIONS

OPERABILITY MUST BE DESIGNED-IN - DIFFICULT TO
RETROFIT INTO EXISTING SYSTEM

"SPACE CULTURE" MUST CHANGE!
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SECTION 4.1

SYSTEMS ENGINEERING
AND INTEGRATION PANEL
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PRESENTATION 4.1.1

SYSTEMS ENGINEERING AND INTEGRATION PANEL
GUIDELINES FOR PANEL ACTIVITIES

LEN WORLUND - MSFC - CHAIRMAN

PHIL DEANS - JSC - CO-CHAIRMAN
FRANK BERKOPEC - LeRC - CO-CHAIRMAN
IRVING DAVIDS - RAPPORTEUR

CARL AUKERMAN - RAPPORTEUR

» DIVIDED INTO THREE SUBPANELS FOR PRE-SYMPOSIUM ACTIVITIES

PRELIMINARY DESIGN ACTIVITIES - LEN WORLUND - LEADER
PRE-PHASE C/D ACTIVITIES - FRANK BERKOPEC - LEADER
FLIGHT SYSTEM EVOLUTION - PHIL DEANS - LEADER

» PRELIMINARY DESIGN ACTIVITIES - LEN WORLUND - LEADER

CONCEPTUAL DESIGN - (PHASE A STUDIES)

PRE DEVELOPMENTS/PHASE B STUDIES

SYSTEM ARCHITECTURE .
VEHICLE END TO END - SUB-SYSTEMS-INTERDEPENDENCIES
TRAJECTORY/PERFORMANCE PLANNING OPTIONS

s PHASE C/D ACTIVITIES - FRANK BERKOPEC - LEADER

SYSTEMS ENGINEERIGN AND INTEGRATION PANEL
GUIDELINES FOR PANEL ACTIVITIES

PRE DEVELOPMENT TECHNOLOGY MATURITY
PDR PENETRATION

MODULAR VS LRU'S

FMEA/C/L

DESIGN MARGIN

FLIGHT SYSTEM EVOLUTION - PHIL DEANS - LEADER

* UPRATING (PERF/LIFE)
COST REDUCTION
ASSURED ACCESS
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CONCEPT TO HARDWARE

¢ NON-ADVOCACY REVIEW
¢ CONGRESSIONAL APPROVAL
* NEW START/RFP

ST

s
~

¢ OA REPORT \\ ~ PHASE-C/D

¢ HDQ SPONSOR A ~

+ DEFINITION ™~ N

* NON ADVOCACY REVIEW - ™~ - GOV'T PROJECT OFFICE
+ REQUEST FOR PROPOSAL - PRIME CONTRACTOR
~ - HARDWARE DESIGN & DEV.
~ ~ PHASE-B - TEST & VERFICATION
N - OPERATIONS
N - SYSTEM EVOLUTION
~ >

GOV'T STUDY TEAM
~ 1TO 2 CONTRACTORS

PHASE-A - GENERALLY 1 OR 2 CONCEPTS

CONCEPT(S)

- DETAIL CONCEPTUAL DESIGN
- TECHNOLOGY DEVELOPMENT

- GOV'Y STUDY TEAM

- MULTIPLE CONTRACTORS

- SEVERAL CANDIDATE CONCEPTS
- CONCEPTUAL/PRELIMINARY DESIGN

~ ARCHITECTURE STUDY
= MULTIPLE CONTRACTORS
- BENEFITS/REQUIREMENTS

MAJOR ACTIVITIES AND OUTPUTS OF PROJECT PHASES

MAJOR DECISIONS

m

BHASE A PHASE B BHASE C BHASE D
PRELIMINARY DEFINITION \ DEVELOPMENT/
ANALYSIS DESIGN OPERATIONS

P DEVELOP PROJECT
OBJECTIVES

b ASSESS FEABIBILITY | CONDUCT SYSTEMS DEVELOP SPECIFIC + MANUFACTURE
ANALYSIS DESIGN AND
b IDENTIFY RESEARCH BPECIFICATIONS
b DEVELOP
AND ADWMNCED O ARY DESIGN + CHECKOUT
TECHNOLOGY AND SPECIFICATIONS DEVELOP PLANS FOR
REQUIREMENTS MANUFACTURING, + DEMONSTRATE
P OEFINE SUPPORT TESTING, OPERATIONS,
[ IDENTIFY SUPPORTY REQUIREMENTS SUPPORTING SYSTEMS >
REQUIREMENT AREAS b ASBESS Pnnmmuv’ FACILITIES, ETC. * EWALUATE
NG AN
© DEVELOP GROSS ;‘::T“';‘:‘;:l“n'““"; b INITIATE REQUIRED
PLANS FOR LONG LEAD ADVANCE + OPERATE

IMPLEMENTATION

* PERFORM TRADE-OFF
ANALYSIS

P IDENTIFY FAWVMORABLE
4 UNFAJORABLE

* REFINE SELECTED
ALTERNATIVE
CONCEPTS

» IDENTIFY ADWNCED
TECHNOLOGY AND
ADWNCED
DEVELOPMENT
REQUIREMENTS

* ASSESS COSTS AND

DEVELOP DETAIL OF
BELECTED CONCEFPY

DEVELOPMENT AND
DEFINE PLAN FOR
SUPPORTING
DEVELOPMENT

DEVELOP SCHEDULES
AND ESTIMATES OF

FACTORS SCHEDULES COSTS
b DEFINE MANAGEMENT
s DEFINE APPROACHES * REFINE MANAGEMENT
RELATIONSHIPS TO AND PROCUREMENT AND PROCUREMENT
PROGRAMS

¥

¢« FEASIBLE PROJECT
CONCEPTS FOR
DETAILED 8TUDY

b TRADE-OFF ANALYSIS

PRELIMINARY DESIGN
AND SPECIFICATIONS

PRELIMINARY SCHEODULE,
RESOURCE & MANAGEMENT

PLANS

{1) MISSION NEED STATEMENT APPROVED
(2) MISSION NEED STATEMENT REAFFIRMED
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PLANS

DEVELOP 4 TEST

PROJECT DESIGN &

SPECIFICATIONS INCLUDING

MANUFACTURE TEST
& OPERATION PLANS

SCHEDULE RESOURCES
MANAGEMENT &
PROCUREMENT PLANS

COMPLETED PROJECT




SYSTEM ENGINEERING AND INTEGRATION PANEL

GUIDELINES FOR PANEL ACTIVITIES - SCHEDULE

JUNE 27 1:30 - 1:50
1:50 - 3:00
3:00 - 4:30
4:30 - 6:00
JUNE 28 8:00 - 12:00
1:00 - 2:00
2:00 - 4:00
JUNE 29 8:00 - 8:30

PM
PM
PM

PM

AM

PM

PM

GUIDELINE FOR PANEL ACTIVITY

PRELIMINARY DESIGN ACTIVITIES SUBPANEL REPORT

PHASE C/D ACTIVITIES SUBPANEL REPORT

FLIGHT SYSTEM EVOLUTION SUBPANEL PRESENTATIONS

DISCUSSION

o ADDITIONS DELETION TO SUBPANEL REPORTS

o TECHNICAL ISSUES RELEVANT TO FUTURE PROPULSION

CAPABILITIES
TECHNOLOGY GAPS

oOo0oO0

DRAFT PANEL FINDINGS

AGENCY INSTITUTIONAL CAPABILITIES
TECHNOLOGY TRANSFER TO ALL PROGRAM PHASES

FINALIZE VU-GRAPH OF FINDINGS

PANEL REPORT TO PLENARY SESSION

SYSTEM ENGINEERING AND INTEGRATION PANEL
PRELIMINARY DESIGN ACTIVITIES

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

OVER-AGGRESSIVE

TECHNOLOGY SELECTION
BASED ON OPTIMISTIC
PREDICITONS

RISK OF PERFORMANCE
SHORTFALLS

RISK OF DELAYS &
COST ESCALATION
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- REQUIRE RISK CONTROLS
- ADD PARALLEL

DEVELOPMENT OF
CONVENTIONAL
TECHNOLOGY TO KEY
DECISION POINTS IN
ADVANCED TECHNOLOGY
PROGRAMS

COMPARE ALTERNATIVES
ON TOTAL LIFE CYCLE
COST, INCLUDING

RISK CONTROLS

INVEST IN EARLY
TECHNOLOGY DEVELOPMENT
& SCREENING




SYSTEM ENGINEERING AND INTEGRATION PANEL
PRELIMINARY DESIGN ACTIVITIES

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

- INTER CENTER PARTICIPATION

{N PRELIMINARY DESIGN STUDIES

« PERFORMANCE AND OPERATIONS
REQUIREMENTS ESSENTIAL

* STUDY FOCUSES ON
REQUIREMENTS AND ISSUES

s VARIOUS CENTERS HAVE VALID
ISSUES/REQUIREMENTS

- LESS THAN OPTIMUM CONCEPT
SELECTION
* PHASE B'REDESIGN DUE TO
LATE INPUTS OF
REQUIREMENTS
* COMPROMISE DESIGN OR
OPERATION TO "FIX"
INTERFACE OR INTEGRATION
PROBLEMS

- INCLUDE SUPPORTING
CENTERS IN EARLY
STUDIES

- LEAD CENTER ASSURE
SUPPORTING CENTER
REQUIREMENTS
*» PRE-PHASE A

* PHASE A

SYSTEM ENGINEERING AND INTEGRATION PANEL
PRELIMINARY DESIGN ACTIVITIES

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

- DEMONSTRATED SYSTEM
TECHNOLOGY AND
VALIDATED DESIGN
REQUIREMENTS PRIOR TO
PHASE C

- IMMATURE TECHNOLOGY
INCREASES DEVEL COST/
SCHEDULE RISK

=~ UNVALIDATED REQUIREMENT
INCREASES COST/SYSTEM
COMPLEXITY

- IMPLEMENT SYSTEM
TEST BED FOR
CRITICAL TECHNOLOGIES

SEI - CRYOGENIC
STORAGE FOR 1 - 2
YEARS
¢ TANKAGE/SHIELDING
o VENT CONTROL
¢ PRESSURIZATION

¢ RELIQUIFICATION
- MAINTAINABILITY
» ROBOTIC REMOVAL/
INSTALL ENGINE
OR LRU
- ORBITAL CRYOGENIC
FLUID TRANSFER
DEMONSTRATION
- CHEMICAL
e CLUSTER PLUG-
NOZZLE

BOOSTER
- HYBRID/PRESSURE FED
e HOT GAS
PRESSURIZATION
- HYBRID
e LOX COMPATIBILITY
GRAIN

- LID
?ocLEAN PROPELLANT

856



SYSTEM ENGINEERING AND INTEGRATION PANEL
PRELIMINARY DESIGN ACTIVITIES

" NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

- TECHNOLOGY DEVELOPMENT
APPROACH FOR A 30 YEAR
PROGRAM

- TECHNOLOGY/DESIGN ARE
FROZEN EARLY
o ELECTRONIC OBSOLETE
EVERY 5 YEARS
¢ MATERIAL IMPROVEMENTS
EVERY 8 YEARS

SYSTEM ENGINEERING AND INTEGRATION PANEL
PRELIMINARY DESIGN ACTIVITIES

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION -

-~ IDENTIFICATION OF
PROPULSION SYSTEM DESIGN
REQUIREMENTS FOR SYSTEMS
THAT CAN NOT BE
ACCEPTANCE TESTED

e NUCLEAR

* ORBITAL ASSEMBLY

* REUSABLE ORBITING
S8YSTEMS

- INADEQUATE DESIGN
REQUIREMENTS INCREASE
COST/SCHEDULE DELAYS/
PERFORMANCE OR
OPERATIONAL CONSTRAINSTS
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- DEVELOP DESIGN

METHODOLOGY THAT ASSURE
RELIABILITY W/O SYSTEM
ACCEPTANCE TESTS




SYSTEM ENGINEERING AND INTEGRATION PANEL
PRELIMINARY DESIGN ACTIVITIES

NEED/ISSUE IMPACT/SENSITIVITY PROPOSED RESOLUTION
- DEMONSTRATED ENABLING - TECHNOLOGY DEFICIENCY - INITIATE TECHNOLOGY
COMPONENT TECHNOLOGY COMPLICATES SYSTEM ¢ EFFORTS TO PROVIDE
PRIOR TO PHASE B CONCEPT DESIGN DESIGN CRITERIA
SEI

- ZERO G MASS GAGE

- VENT CONTROL
OF CRYOGENS

- COUPLING INTEGRITY
DESIGN METHODOLOGY

- ELECTRO/MECHANICAL
ACTUATORS

BOOSTER

- PRESSURANT HIGH
RATE HEAT SOURCE

- GG CYCLE HYBRID
INJECTOR

SYSTEM ENGINEERING AND INTEGRATION PANEL
PRELIMINARY DESIGN ACTIVITIES

NEED/ISSUE IMPACT/SENSITIVITY PROPOSED RESOLUTION
- NARROW OPTIONS IN - INADEQUATE FUNDING TO - DOWNSELECT IN PHASE A
TIMELY MANNER SURFACE TECHNICAL ISSUES | - yTILIZE MULTIPLE
PRIOR TO DEVELOPMENT PARTICIPANT TEAMS
DECISION

- ALLOW TEAMS/CONSORTIUM

- TRUE DISCRIMINATORS
NOT IDENTIFIED

T 8B8




SYSTEM ENGINEERING AND INTEGRATION PANEL
PRELIMINARY DESIGN ACTIVITIES

NEED/{SSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

- GOOD/ACCESSIBLE TECHNICAL

MEMORY/LESSONSLEARNED

¢ POOR EXPERIENCE
INTERCHANGE

e LESSON LEARNE
NOT APPLIED

DEVELOP/MAINTAIN
CONSISTENT DATA
BASE OR DESIGN
METHODOLOGIES

FOSTER INTERCHANGE

TECHNOLOGY TRANSFER
PROGRAM

APPLY VMODEARM DATA
HANDLING TECH’

- ELECTRONIC MEDIA

- NATIONAL DATA NETWORK

SYSTEM ENGINEERING AND INTEGRATION PANEL
PRELIMINARY DESIGN ACTIVITIES

NEED/ISSUE

IMPACT/SENSITIVITY

PROPOSED RESOLUTION

- MISSION AND COST
ANALYSIS FIDELITY IS
Low

¢ MISSION MODELS OVER
AMBITIOUS

» REQUIREMENTS/
SYSTEMS COMPLEXITY
UNDERESTIMATED

* GOV'T/INDUSTRY
MODELS DON'T
CORRELATE

* OPERATIONAL COSTS
DRIVERS ARE
UNDERESTIMATED

- PROGRAM COST
ESCALATION

e LOW COST AND HIGH
USAGE ESTIMATES
APPEAR AS "BUY-IN’

e GOV'T/INDUSTRY
LOSES CREDITABILITY

INTERACTIVE GOV'T/
CONTR COST MODELS
IN PHASE A & B

OPERATIONAL COST
MODEL SHOULD BE
VALIDATED

USE "CONCURRENT
ENGINEERING® TO

GET BETTER COST
DATA

DRIVE EARLY STUDIES
TO GREATER LEVEL
OF DETAIL

INCLUDE RISK CONTROL

IN PROGRAM PLAN
2 COST ESTIMATES

COST SENSITIVITIES

MiSSION MODEL
SENSITIVITY ANALYSIS
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SYSTEM ENGINEERING AND INTEGRATION PANEL
PRELIMINARY DESIGN ACTIVITIES

NEED/ISSUE

IMPACT/SENSITIVITY

.

PROPOSED RESOLUTION

-~ FOCUSED TECHNOLOGY THAT

ADDRESSES USER REQUIREMENTS

e TECHNOLOGY CYCLE TOO LONG
e USER REQUIREMENTS NOT
IDENTIFIED TO DEVELOPER

- FOCUSED TECHNOLOGY
RESULTS NOT AVAILABLE
TO USERS

* INCREASED DEVEL
RISK/COST

¢ TECHNOLOGY ADVANCES
NOT APPLIED
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- TECHNOLOGY WORKING
GROUPS SHOULD BE
CO-CHAIRED BY USER

o START OF PHASE A

- GENERIC TECHNOLOGY
ACCOMPLISHED BY
TECHNOLOGIST

- FOCUSED TECHNOLOGY
IN PHASE B BY USER
e LONGER PHASE B

* DECREASED
PROCUREMENT
TIMELAG

- CONCURRENT ENGR

TEAM TO DEFINE

TECH NEED WITH EARLY

TRADE STUDIES

- USE SYSTEM
CONCEPTUAL DESIGN
UPDATE TO DIRECT
TECHNOLOGY
DEVEL PROGRAM

- USE SYSTEM DESIGN
UPDATE AS MANAGEMENT
TOOL FOR ASSESSING
TECH DEVEL PROGRAM




PRESENTATION 4.1.2

SYMPOSIUM ON SPACE TRANSPORTATION PROPULSION SYSTEMS
TECHNOLOGY

SYSTEMS ENGINEERING AND INTEGRATION PANEL

PHASE C/D ACTIVITIES SUBPANEL

FRANK IZQUIERDO (KSC)
DON WITT (P&W)

ROBERT LUND (THIOKOL)
JOE HEMMINGER (LERC)
LARRY WEAR (MSFC)
JAMES HUGHES (GDC)
CRAIG JUDD (AEROJET)
DON JONES (ROCKWELL)
JIM MOSES (MSFC)
FRANK BERKOPEC (LERC)

NASA OFFICE OF SPACE FLIGHT
NASA OFFICE OF AERONAUTICS,
EXPLORATION AND

TECHNOLOGY

PENNSYLVANIA STATE UNIVERSITY
JUNE 25-29, 1990

AGENDA

« PREDEVELOPMENT TECHNICAL MATURITY

« PDR PENETRATION
« MODULAR VS LRU'S
+ FMEA/CIL

« DESIGN MARGIN
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PREDEVELOPMENT TECHNICAL MATURITY: HOW IS WHAT WE ARE DOING AND
WHAT WE KNOW IN PREDEVELOPMENT ACTIVITY JUDGED READY ENOUGH IN
TECHNICAL MATURITY TO BE INCLUDED IN AN ACTUAL DEVELOPMENT? HOW
IS READY ENOUGH DEFINED? HOW DO WE ASSESS IT? HOW DO WE HAVE
ENOUGH CONFIDENCE IN THE MATURITY TO ADVOCATE IT BE INCLUDED IN
THE DEVELOPMENT? WHAT IS THE "CUTOFF" FOR PHASE C/D? HOW IS THE
TECHNOLOGY ADEQUATELY TRANSFERRED TO THE PROGRAM?

PDR PENETRATION: WHAT IS A PDR? IS THERE A GENERALLY
ACCEPTABLE/ACCEPTED UNDERSTANDING OF THE PDR? WHAT ARE ITS
CHARACTERISTICS? HOW DO WE DO AN ADEQUATE JOB IN THE PDR (HOW DO
WE AVOID DOING A SUPERFICIAL JOB)? HOW IS THE PDR LINKED/COUPLED
TO THE SPECIFICATIONS, CONTRACTS, AND SO FORTH? WHAT ARE THE
COST AND SCHEDULE FACTORS ASSOCIATED WITH A PDR?

MODULAR VS. LRU’S: WHAT IS THE DEFINITION OF A PROPULSION SYSTEM
AND HOW IS IT IMPLEMENTED? DO WE LOOK AT THE PROPULSION SYSTEM
AS A MODULAR ASSEMBLY, INCLUDING ELEMENTS OF THE ENGINES, TO BE
BUILT UP OR ARE WE RESTRICTED TO, AND SATISFIED WITH, LINE
REPLACABLE UNITS? WHAT IS THE FUTURE OF MODULAR CONCEPTS? IS
THIS A DESIGN ISSUE, AN OPERATIONS ISSUE, A MAINTENANCE ISSUE?

IS THIS CONSIDERATION APLICABLE TO OTHER THAN UPPER STAGES? IS
THIS A COST ISSUE?

FMEA/CIL: HOW DOES THE FMEA/CIL AFFECT THE FDR/CDR, PHASE C/D?
SHOULD IT BE DONE IN PARALLEL WITH THE PDR ACTIVITIES AND BE
CONCURRENT TO THE PDR WHEN COMPLETED? WHAT IS THE EXPECTED
EFFECT OF SPACE BASING ON THE OUTPUT?

DESIGN MARGIN: WHAT DOES DESIGN MARGIN ENTAIL? HOW CAN "MARGIN"

BE IMPLEMENTED IN TERMS OF OPERABILITY, COST, AND PERFORMANCE
(NOT JUST DESIGN MARGIN)?
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PREDEVELOPMENT TECHNICAL MATURITY

. At initiation of Phase C/D, technical maturity of concept must be sufficient to provide
confidence in meeting performance, cost, schedule

Exception: Where need outweighs risk
. Demonstrated (veriflable and repeatable):
principle of operation
performance characteristics ~
physical characteristics
by: rigorous analysis

hardware test
(and/or prior development similarity)

. Complex hardware/concepts require long predevelopment (technology) program;
SSME/High chamber pressure rocket program, for example

. . Demonstrations of technology necessary before commitment to phase C/D. Post
demonstration activities must be continued to get important, sufficient data for full
evaluation of technology

+  Demonstrate technology at highest practical level

. Expose problems at lowest level

PREDEVELOPMENT TECHNICAL MATURITY

. Carry along high risk, high-payoff technologies as.baekups during technology phase and
development phase

Demonstration not necessary to be carried in parallel with Phase C/D development, but
needs to be planned to be done in timely fashion (need to have confidence)

. “Adequate" Predevelopment Technical Maturity requires wide dissemination of
government-sponsored technology
. Technology transfer techniques (some/all):
Distribute technology projects/hands-on experience necessary

Keep community wired in on real-time basis/communicate completely,
across the board

Have redundant/parallel contracts

Form consortia - competition is now on different levels (national/international); requires
serious reconsideration of procurement rules and regulations

Use IR&D to catch up if falling behind competitively
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PREDEVELOPMENT TECHNICAL MATURITY

Technical Maturity Definition/Specification:

Level

1
2
3
4
5
6
7

Basic Principles Observed and Reported

Technology Concept/Application Formulated
Analytical and Experimental Critical Function and/or
Characteristic Proof-of-Concept

Component and/or Breadboard Validation in Laboratory
Component and/or Breadboard Demonstrated in
Relevant Environment

System Validation Engineering Model Demonstrated in
Relevant/Simulated Environment

System Valldation Engineering Model Demonstrated in
Actual Environment

Level 6 expected prior to phase C/D development

PREDEVELOPMENT TECHNICAL MATURITY

New awareness of Reliablility, Low Cost, Robustness

Obtain a lot of needed data (both analytic and test; comparable results verify
analytic capability)

Demunstrate required reliability before delivery

Probabilistic design approach, new culture taking hold (was done on XLR132, NERVA)

Points to techndlogy holes prior to phase C/D

As yet, no quantifiable reliability goal/confidence level
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PRELIMINARY DESIGN REVIEW

Mandatory; Major program milestone

Done to assess if activities are going in the proper direction (before the point of no return,
without more dollars and time, is passed)

More than a review of the preliminary design
Content not substantially different than critical design review -
Needs a name consistent with whatitis intended to do

Objectives:

Assure the specification requirements are being correctly interpreted and implemented

Review the design for compliance with requirements, adherence to acceptable design
practice, and compatability with the current technology :

Determine that the program plan is consistent with requirements

Determine that the design and program plan are compatible in terms of program risk

PRELIMINARY DESIGN REVIEW

Technical Products furnished as part of the PDR include:

Specification Compliance Matrix Document

Preliminary Design Drawings and Drawing Tree

Preliminary Materials and Process Specifications

Technical Procurement Specifications

Electrical Power Requirements Data

Electrical Signal Interface Data

Verification Plan

Test and Analysis Reports (Structural, Thermal, Fluid Dynamics, etc.)
Material Identification and Usage List

Packaging and Transport, Preliminary Analysis and Concept Report
Critical Process Documentation

Pressure Vessel Data, Development

Failure Mode and Effects Analysis Report

Fabrication Plan

Cost Pian

Single Failure Point Summary Report

Hazard Analysis Report

Analysis Data, EEE Part Application

End item List, Electrical, Electronic, Electromechanical (EEE Parts,
"Where Used"
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PRELIMINARY DESIGN REVIEW
- PDR generally characterized by:

Concentration on critical items

Design of critical items with substantiating layouts and analyses .

Design issues identified

Prototype drawings of hardware identified aé necessary to be built and tested before CDR
 PDR can/should be (shall be) a series of incremental PDR's

Program complexity

Schedule demands
« Conducting PDR

Maintain an overall integrated systems view (PDR Board, RID Board)

Establish as high priority for participants

Participant must do their homework: Review all data before PDR

Participants: design team. analysts, project team, review team, fabricators, management

Review team:, specialists not on this project; must be familiar with the specification

requirements and the higher level integration of the item under review; conducts

all incremental PDR's

Consortia: all companies have a task, all have oversight of project, all participate
in PDR's

PRELIMINARY DESIGN REVIEW

. PDR meeting/foliow on:
Presentation summarizing data package
Verbal interchange

Identification of discrepancies, actions necessary, schedule,
responsible parties

Review of completed actions
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MODULAR vs LRU's

. There are a number of possible propulsion system architectures
. Space Basing requires a whole new approach ~ totally different work environment
. Drivers include logistics, cost |
Eliminate/Limit EVA/Hands-on in-space operations
. LRU's
LRU's may be substantially the whole engine (removable heat shields, nozzles)

High failure-rate units as LRU's

Specific to application
Choice depends upon: Logistics
Cost
Complexity
‘ Verification of system integrity after LRU replaced?
. Trend/desire to integrate the propulsion system @ one level (ETO)
Minimized, simplified vehicle/propulsion module integration

Incremental unit may be a propulsion module

MODULAR vs LRU's

. Integrated system must meet requirements
Modular system development must include all elements
. Evolutionary trend toward modular elements
Robotics for assembly, servicing, etc.
. Modular systems/Distributed propulsion system
Russians, Chinese, French
Tailors propulsion system to specific vehicle; limits wider usage
Unit qualification for a number of applications (building block/tinker toy approach)
. Modular systems/clustered engines
Bigger statistical base (reliability data)
Potentially higher reliability
Potentially eliminates gimballing
. Modular systems/plug nozzle

Altitude compensation 867




MODULAR vs LRU's

Modular systems

We frequently underestimate the job in including qualified hardware into a pew application
(a new system)

Every application must be evaluated on its own

FMEA/CIL

'FMEA guides technical decisions
Drives Margins of Safety/Design Margins
FMEA earlier than PDR as part of technical maturity decision
FMEA usually a PDR product
Probability of fallure - what do we need to understand?

Identifies data required during Phase C/D

CIL evolves from FMEA
Vehicle level criticality; loss of: vehicle
crew
mission
Space basing

Fallure Impacts more severe

Space based "GSE" (need better description, space support equipment, SSE?);
traditional qualification is inadequate
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DESIGN MARGIN

Margin: Protection from unknown
Margins based on historical data, understanding often incomplete
Test to failure (successful failures)

Need to do it for the data

Should be done more frequently (costly)

Verified, Full-up, Probabilistic technique - - 5 to 10 years to full implementation estimated
today ) ‘

Divides margins to elemental level; identifies verification needs
Meet a reliability goal - resulits in known margin
Tie cost, performance, reliability together
Focus on Space Exploration Initiative
New approach

Robust designs will help alleviate cost overruns -
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N91-28236

PRESENTATION 4.1.3

HEAVY-LIFT LAUNCH VEHICLE
PROPULSION CONSIDERATIONS

SPACE TRANSPORTATION PROPULSION TECHNOLOGY SYMPOSIUM
PENNSYLVANIA STATE UNIVERSITY

NASA / JOHNSON SPACE CENTER WAYNE L. ORDWAY
SYSTEMS ENGINEERING DIVISION JUNE 1990
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PRESENTATION OVERVIEW

TRANSPORTATION SYSTEM ISSUES

STUDY OBJECTIVES

ETO SYSTEM REQUIREMENTS

LAUNCH VEHICLE SIZING RESULTS

HLLV THRUST REQUIREMENTS
- PROPULSION SYSTEM RELIABILITY

PROPULSION ISSUES

TRANSPORTATION SYSTEMS FOR LUNAR / MARS OUTPOST
MUST BE TREATED AS AN INTEGRATED SYSTEM

LV/STV XFER i STV b 2
PROP PROP TO J_TRADES

' RESIDUAL
PROP
REFILL
ON-ORBIT
STV TANK
PROPELLANT DELIV
: RETURN
TN PROP TO EARTH
DEPOT I
H20 TO TRANSPORTATION ELECTROL
LH2/LO2 NODE FACIL. |
CARGO ) I
PERSONNEL - SEPARATE
" SINGLE LAUNCH LV/LAUNCHES | ——
i OFcamrGo CARGO ‘
“: AND/OR CREW RETURN
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STUDY OBJECTIVES

« INVESTIGATE ETO OPTIONS WHICH

- MIMIMIZE ON-ORBIT OPERATIONS AND IMPACTS TO SSF

- DIRECT LAUNCH
- AUTOMATED RENDEZVOUS/DOCKING OF ASSEMBLED

ELEMENTS
- HAVE REASONABLE CAPABILITY TO SUPPORT MARS MISSIONS

- MINIMIZE MASS IN LEO
« CONSIDER POTENTIAL SYNERGISM WITH STS

TRANSPORTATION SYSTEM
REQUIREMENTS

*MODULAR, TO BE OPERATED ROUTINELY IN ITS MINIMAL
CONFIGURATION

*SIZED TO ENABLE A LUNAR MISSION IN A SINGLE LAUNCH,
AND ALLOW A REASONABLE MARS CAPABILITY

*LEO MASS BREAKPOINTS
- TOTAL LUNAR MISSION MASS 450K
- PROPELLANT MASS 300K
- INERT MASS 150K

*TYPICAL MARS MISSION TOTAL MASS > 2.0 M Ibs

*AEROBRAKED SYSTEMS RESULT IN LARGE VEHICLES
(LUNAR-62 X 50 ft; MARS 170 X 115 t)
- ASSEMBLED IN LEO
- DEPLOYED
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WEIGHT (LBS - thousands)

SINGLE CORE / 4 BOOSTER HLLYV SIZING QGQ

SIZING CRITERIA ASSUMPTIONS
010,
- 450,000 LB LIFT CAPABILITY - STME TECHNOLOGY
- TOTAL DELTA-V + 2% RESERVE = 29,000 fps - ENGINE T/W = CONSTANT
- T/Wliift-oft= 1.4 - ENGINE-OUT THROTTLE-UP = 33%
TOTAL VEHICLE DRY WEIGHT RELATIVE CORE AND BOOSTER SIZES
2600 600 ﬁ
2400 GIEENG ] c00 ME+SINGLE ENGINE DT
2200 ELEMENYS H L Kd ENGINE-DUT
2000 E
g 400
1800 Ng ENGINEJODT | ]/ 3 BOQYTER (bach)
g biNGUE ENGINELG
- 1600 300
" \ ND ENdINERQUE | N
1400 £ \ 7T
X # 200 \

EEER.N 7 )
1200 -\ : g dohg 131} Y X AL
1000 } /’ 5 100 q

X L BPOSTER!= B2WET
800 s8at . a8z 4 < : T_F_}__..:F =
am
600 rTrTt 0 r'r T T T T L :
0 2 4 6 8101214161820 222426 28 30 0 2 4 6 8 10121416 18202224 2628 30
* STAGING DELTA-V (FPS - thousands) STAGING DELTA-V (FPS - thousands)

| WITH A VEHICLE SIZED FOR MINIMUM DRY WEIGHT, THE PENALTY FOR SINGLE
ENGINE-OUT CAPABILITY IS A 10% INCREASE IN DRY WEIGHT AND A 3% INCREASE
IN TOTAL REQUIRED PROPELLANT ( ADDITIONAL12% OF ET).
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SINGLE CORE / 4 BOOSTER HLLV SIZING QQQ

SIZING CRITERIA ASSUMPTIONS

- 450,000 LB LIFT CAPABILITY - STME TECHNOLOGY Q Q
- TOTAL DELTA-V + 2% RESERVE = 29,000 tps - ENGINE T/W = CONSTANT

« T/WIlit-off=14 - ENGINE-OUT THROTTLE-UP = 33%

NOMINAL VACUUM THRUST REQUIREMENTS

- TR EENEE! #__ﬁ
E o Then % u i
E /

U.) 8 STER (each

[ S GINE-OUT] |~

;— 7 ENGINE-QUT il

w 6 \ ~

=

u .

w s '\

b AA

g 4 %

E T et

S Rt

s 2 ]

<, JSTAGING bELTAVF [T

= INIMUM WEIGHT 1 o4 |

g o L
z 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 D

STAGING DELTA-V (FPS - thousands)

FOR THE MINIMUM DRY WEIGHT DESIGN, NOMINAL OPERATION THRUST (VAC)
REQUIREMENTS ARE INCREASED BY 31K LBS ON THE CORE AND BY 100K LBS ON
EACH BOOSTER WITH SINGLE ENGINE-OUT CAPABILITY.

875




SINGLE CORE /4-BOOSTER HLLV SUMMARY

BESULTS SUMMARY CORE. BOOSTER STS LRB
SIZE (%ET Prop. Mass) 131 62 45
NOMINAL THRUST (MLbs-Vac.) 1.851 2.499 2.320
DRY WEIGHT (Lbs-thousands) 188.1 134.9 122.8
HLLV MODULAR BOOSTER PROPOSED STS LRB
(SINGLE ENGINE-OUT) (NO ENGINE-OUT)
#

BSTRs{ L.O." STAGINGDV GLOW LIFT | |.0* STAGINGDV GLOW LIFT
T/W  (Fps) (MLbs) (KLbs) [ T/W  (Fps) (MLbs) (KLbs)

1 1.05 8,890 3.59 153.1 1.10 6,760 3.28 1314

2 1.22 11,215 4.83 262.8 1.34 8,775 4.21 225.4
3 1.33 12,810 6.07 369.8 1.49 10,250 5.14 3123
4 1.40 14,000 7.30 450.0 1.60 11,430 6.05 378.4

*FORT/Ws < 1.4, MARGINS ADDED TO TOTAL DELTA-V FOR INCREASED LOSSES

A MODULAR HLLV OPTIMIZED FOR 450K LBS LIFT CAPABILITY CAN ENABLE A SINGLE
LAUNCH LUNAR MISSION WHILE PROVIDING VERSATILE LIFT PERFORMANCE. USE OF
THE PROPOSED STS LRB AS AN INTERIM BOOSTER OFFERS SYNERGISM WITH THE

SPACE SHUTTLE.
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| THRUST REQUIREMENTS FOR 450KLB LIFT HLLVs

ENGINE THRUST REQUIREMENTS *
1200
HLLV TOTALCORE TOTAL BOOSTER : UPPER = ENG-OUT THAUST 13
CONCEPT VAC. THRUST VAC. THRUST 1100 7 LOWER = NOMINAL THRUST
(KLbs) (KLbs)- 21000
' g 900 -. 833 849
w of
SINGLE 1,851 2,499 g %07
CORE E 700 -: 617 625 STME
[\ d _ = 580K
MULTIPLE 969 3,395 W 600 7
CORE g 50 7 463
:1_:: 400 1 323
:ED 300 ' 242
g 201
> 100 -
0 CORE | BSTR CORE BSTR
SINGLE EORE MULTIPLE2 CORE
HLLV HLLY

* 4 ENGINES PER STAGE
SINGLE ENG-OUT THROTTLE-UP = 33%

HLLVs REQUIRE ENGINE THRUST LEVELS GREATER THAN THE REFERENCE
SPACE TRANSPORTATION ENGINE FOR REASONABLE NUMBERS OF ENGINES

PER STAGE.
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RELIABILITY OF ENGINES
1.0t
SINGLE ENG-OUT
] CORE & BOOSTER ELEMENTS
1.00 - —t—oo—o—t— —o—yp
0.99 1
-d
o 0.98 -
] NO ENGINE-OUT
T 097 -
;
‘>’-, 0.96 -
0.95 -
SINGLE ENG. RELIABILITY = .998 (CORE)
SINGLE ENG. RELIABILITY = .999 (BOOSTER)
0.9‘ T L) L) L | L L | L) L L]

SINGLE CORE /4-BOOSTER HLLV

0

1 2 3 4 85 6 71 8
NUMBER OF ENGINES REQUIRED PER ELEMENT

TOTAL ENGINE MASS (Lbs)

150000

100000

SYSTEM ENGINE MASS REQUIRED

¢ SINGLE B&)INEiUT
\CO & BQOSTER ELEMENTS

\

\\'—’—o«i

NO ENGINE OUT

0

1 2 3 4 5 6 7 8 9
NUMBER OF REQUIRED ENGINES PER ELEMENT

THE SYSTEM RELIABILITY CAN BE SUBSTANTIALLY INCREASED WITH SINGLE ENGINE-OUT
CAPABILITY ON THE CORE AND BOOSTER ELEMENTS. WITH FEWER ENGINES, RELIABILITY
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INCREASES BUT WITH THE PENALTY OF INCREASED SYSTEM MASS.
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SINGLE CORE /4-BOOSTER HLLV

SINGLE ENGINE-OUT PHILOSOPHY

1.0005
‘/cone AND BOOSTER ELEMENTS

1.0000 -
Egn' 0.9995 1 CORE ONLY
m <
[ o <
é 0.9990 -
(Y 3
S
@ ] SINGLE ENG. RELIABILITY = .998 (CORE)

0.9985 - SINGLE ENG. RELIABILITY = .999 (BOOSTER)

0-9”0 L 1 ) Rk L4 1 L e L 4 L § 1 )

O 1 2 3 4 5 6 7 8 9 {0

NUMBER OF ENGINES REQUIRED PER ELEMENT

THE APPROACH TO ENGINE-OUT CAPABILITY REMAINS AN ISSUE AND NEEDS TO BE
ASSESSED. HIGH RELIABILITY IS OBTAINABLE WITH CORE ENGINE-OUT CAPABILITY ONLY
BUT REQUIRES SUBSTANTIAL CORE FUEL MARGINS TO COVER BOOSTER ENGINE-OUT.
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HLLV PROPULSION ISSUES

HLLV SYSTEMS NEED HIGH RELIABILITY

FAULT TOLERANT SYSTEMS / ENGINE-OUT CAPABILITY
RELIABLE THROTTLING CAPABILITY
ONBOARD CHECK-OUT / HEALTH MONITORING AND CONTROL

APPROACH TO ENGINE-OUT PROTECTION
REFERENCE STME THRUST LEVEL APPEARS TOO LOW
DESIGN TRADES TO FACILITATE SYSTEMS ANALYSIS

ENGINE RECOVERY VS. EXPENDABILITY
DESIGN REQUIREMENTS FOR REUSABILITY
ENGINE SCALING RELATIONS WITH THRUST LEVEL
(Weight, Isp, Pc, Mixture Ratio, Throttling Capability)
THROTTLING
- System Capability vs. Complexity
- Step Throttle vs. Continuous (g-limiting)
ENGINE GIMBALLING VS. DIFFERENTIAL THRUST FOR CONTROL
ENGINE UPRATE CAPABILITY VS PROPULSION DESIGN (GROWTH )
(]
)
]
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N91-28237

PRESENTATION 4.1.4

Humans to Mars in 1999!

Robert Zubrin and David Baker
Martin Marietta Astronautics

Can the United States send humans to Mars during the present decade? Absolutely. We
have developed a set of vehicle designs and a mission architecture that can make this
possible. Moreover the plan we propose is not merely a “flags and footprints™ one shot
expedition, but puts into place immediately an economical method of Earth-Mars
transportation, real surface exploratory mobility, and significant base capabilities that can
rapidly evolve into a mostly self-sufficient Mars colony.

Here's how it works. In December 1996 a single shuttle derived heavy lift launch vehicle
such as that shown in fig.1 lifts off from Cape Canaveral and fires 2 40 metric ton
unmanned payload off on a trajectory to Mars, where it acrobrakes into orbit and lands 8
months later, This unmanned payload consists of the following: (1) an unfueled two-stage
ascent and Earth return vehicle (fig.2) employing methane/oxygen engines and including a
life support system and enough whole food for four people for 9 months, plus some
dehydrated emergency rations; (2) 5.8 metric tons of liquid hydrogen; (3) a 100 kWe
nuclear reactor mounted within a2 small methane/oxygen intemal combustion driven
unpressurized utility truck; (4) a small set of compressors and automated chemical
processing unit, and (5) a few small scientific robotic rovers.

As soon as the payload is landed, the reactor is driven a few hundred yards away from the
landing site and lowered off the truck into either a natural depression in the terrain or one
created by the robots (teleoperated from Earth) with the aid of a few sticks of dynamite. Its
radiators are then deployed and a cable run back to the lander. Then the reactor, which has
not yet been used, is started up to provide 100 kilowatts of electric power to the site
facilities. The compressors are then run to acquire carbon dioxide out of the martian
atmosphere (which is 95% CO2.) With the help of a catalyst, this CO?2 can be made to react
with the 5.8 metric tons of hydrogen cargo, transforming it in a few days into 37.7 metric
tons of methane and water. This being accomplished, we no longer have to worry about
how to store our super-cold liquid hydrogen on the surface of Mars. Next, the chemical
plant goes to work, electrolysizing the water into hydrogen and oxygen. The oxygen is
stored as a liquid, and the hydrogen is reacted with more CO? to create more methane and
water, and so forth. Additional oxygen is produced by directly decomposing atmospheric
CO2 into oxygen and carbon monoxide, storing the oxygen and dumping the CO. In the
course of a year, about 107 metric tons of methane/oxygen propellant is produced.

This may sound somewhat involved, but actually the chemical processes employed are 19th
century technology. The 100 kWe nuclear unit isn't, but we've operated practical nuclear
reactors since 1954, and the SP-100 in particular is currently scheduled to be ground tested
in 1995, so that with an accelerated program either it or an alternative design can certainly
be made ready in time for this mission.

Meanwhile, back on Earth, flight controliers have been waiching to make surc that the
propellant production operation is completed successfully. If it has, then in January 1999
two more heavy lift boosters will rise from the Cape within a few weeks of each other. One
of them has an unmanned payload identical to the one launched in 1996. The other payload
is a manned spacecraft (fig.3) looking somewhat like a giant hockey puck 27.5 feet in
diameter and 16 feet tall. Its habitation deck contain some 594 square feet of floor space,
allowing it to accommodate a crew of four, while an additional deck is available for cargo.
With a weight of 38 metric tons (including acrobrake, landing propellant, provisions, and a
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pressurized methane/oxygen gas turbine/electric driven ground car) it is light enough that
the booster upper stage can project it directly onto a six month transfer orbit 10 Mars
without any Earth orbit refueling or assembly.

Once on its way to Mars, the manned habitat pulls away from the expended booster upper
stage that launched it, but they are still connected by a tether about 1500 yards long. With
the help of this tether, the empty upper stage can be used as a counterweight, and the
assembly is spun up at one revolution per minute 1o provide a level of artificial gravity
equal to the 3/8 g found on the surface of Mars. When the manned craft arrives at Mars, the
tether and upper stage are discarded, and the ship acrobrakes into orbit and then lands in the
immediate vicinity of the now fully fueled ascent vehicle that has been waiting for it since
1997. The landing is safe because the robotic rovers sent out in the advance landing have
identified and given extensive characterization of the best landing site in the vicinity, and
laid out radar beacons to guide the terminal descent.

In 1976, the United States sent two Viking probes to Mars, and landed them right on their
designated target areas. With the help of the landing beacons, superior technology, advance
meteorological data from the ground site, and the on the spot decision making capability of
:{ human pilot, we will vastly exceed the degree of landing precision demonstrated by

iking.

But even if we missed by a considerable distance, the mission plan has built into it three
layered fall back options, a defense in depth to assure the safe return of the crew. First, the
manned spacecraft carries with it a pressurized rover with a one-way range of 600 miles, so
if the landing was not misdirected by a distance greater than this, the crew could still drive
over to their return vehicle. Second, if by some inconceivable mischance the crew misses
its landing site by a distance greater than 600 miles, they can still direct the second
unmanned payload (which has been following them out a few days behind) to land near
them. It contains a propellant factory of its own, and can thus act as an emergency backup.
Finally, if all else fails, the crew has with them in their habitat enough supplies to last them
until a relief expedition can be sent out two years later.

|
However, assuming that the manned landing has been carried out correctly at the prepared
site, and the flight readiness of the 1996/97 ascent vehicle is verified, the 1999 unmanned
lander will be directed to a second landing site 500 miles away from the first. There it will
begin manufacturing propellant for the second manned mission, which will be sent out in
2001.

Thus each manned Mars mission requires just two heavy lift booster launches; one to
deliver a ride home, and the other to create a new outpost or add to a existing base on Mars.
This is much more economical than conventional mission plans in which all the propellant
is brought from Earth, which typically require 4 to 7 heavy lift booster launches for each
mission. The mission plan we propose is better than a conventional plan in another way:
we bring all of our crew and their hardware to the surface where they can do their job of
exploring Mars and learning how to live on another world. The conventional plan requires
leaving a mothership in orbit around Mars, whose crew will accomplish little except soak
up cosmic rays. The crew on the surface is protected by Mars' amosphere from most of
the solar flares hazard, and with the help of some sandbags placed on top of their landed
habitats, can be protected from cosmic rays as well. The vulnerability of the crew of the
orbiting mothership tends to create an incentive to limit the stay time of a conventional
mission at Mars. This leads to very incfficient missions. After all, if it takes a yearand a
half of round trip flight time to travel to Mars, it's rather unreasonable to limit the stay at the
destination to 30 days. A not too rough analogy to such a mission would be planning
Christmas vacation in Hawaii but arranging the itinerary to include 9 days of ransferring

882




around airports going out and back, and half a day at the beach! Yet that is how the
conventional mission plans are structured. Worse yet, in their rush to get back from Mars,
the conventional mission planners are forced w0 take disadvantageous high energy orbits
which require a lot more propellant as well as a swingby of the planet Venus where the
Sun’s radiation is twice that at Earth. In the plan we offer, the crew will spend 500 days on
the surface of Mars and only 12 to 16 months in round trip interplanetary cruise, traveling
via the most efficient, "minimum energy” orbit possible.

During their 500 day stay on the surface of Mars, the crew will be able to accomplish a
great deal of exploration. Using 11 of the 107 metric tons of methane/oxygen propeliant to
power their ground car, they will be able to travel over 10,000 land miles (without
propellant recycling) at speeds of over 20 miles an hour, ranging out from their base 300
miles in any direction. If a condenser is added to capture for later recycling the water vapor
in the ground car engine exhaust, the 10,000 land miles available to the ground car can be
increased ten-fold. Once the second lander’s propellant production operation is well
underway, they can even drive over to use it as a second base for forays. Thus about
500,000 square miles of territory will be available for exploration for the first mission crew
alone. With a crew of four, a large landed habitat/laboratory, and a substantial power
source, a large variety of scientific investigations can be accomplished. In addition to
searching for past or present life and clues to the planet's geologic history, onc key item on
the exploratory partics agenda will be to locate pockets of readily exploitable water ice.
Once native water is available, it will no longer be necessary to ship hydrogen from Earth,
and future missions and scttlements can be made independent of Earth for their
transportation and life support consumables. But even on this first mission, an inflatable

use can be set up and extended experiments undertaken in growing food crops. If
successful, the greenhouse can even be left in operation after the crew departs, allowing
research to continue telerobotically from Earth, and perhaps providing future crews with
both food and earthly fragrances.

At the conclusion of the S00 days on the surface, the crew will climb into the
methane/oxygen ascent vehicle and rocket back to Earth, where they will acrobrake into
orbit and rendezvous with either the Space Station or be picked up by a Shuttle. Quarters
aboard the ascent vehicle will be somewhat cramped, but no more so than in a the Space
Shuttle. The return trip will be carried under zero-gravity conditions, but it will only last
about 6 months, and Mir cosmonauts have proven that zero-gravity exposure of such
length can be tolerated by humans without excessive physiological harm.

Both the habitat craft and the Earth return vehicle contain water jacketed "storm shelters™
that the crew can retreat into in the event of a solar flare. Since the crew oaly spends 12 to
16 months in space, this reduces the expected radiation dose they will receive over the
course of the 3 year round trip mission to about S0 Rem. Such a dose will have no prompt
effects, but will increase the probability that an individual contracts cancer at some point
later in his or her life by about 1.5%. This is not a risk to be taken lighdy, but it can be
taken in stride along with the other risks of launch and space travel, and it seems clear that
it will not prevent the stepping forward of any number of fully qualified volunteers ready to
undertake the hazard for the sake of the prize.

Not too long after the mission 1 crew has departed Mars, the mission 2 crew will arrive and
land their habitat near the unmanned ascent vehicle that had been sent out following the
mission 1 crew in 1999. Accompanying them will be a third unmanned ascent vehicle/fuel
factory payload which will be landed at a new site 500 miles further along, to be used for
return by the mission 3 crew which will depart Earth in 2003. Thus every two years a new
base will be established and its vicinity explored, and before long a string of small bases
will dot the map of Mars, separated by distances within the capability of available ground
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transportation. Rapid crew transfer between inhabited bases separated by long distances
will be made possible by the introduction of a small rocket propelled flying vehicle. Just as
towns in the western United States developed around forts and outposts, some of these
Martian outposts will be seeds for future Martian towns. As information returns about each
site, future missions may be sent back to selected prior landing sites and larger bases will
begin to grow as warranted. With just two boosters being launched every two years, the
towl launch requirement needed to sustain this program of exploration averages to only one
launch per year!

At some point after the commencement of this program, a new technology. nuclear thermal
rockets (NTR, which was tested in the U.S. during the 1960s under the NERVA and
ROVER programs), will come into use that will allow us to greatly increase the payload
transferable to Mars with each launch. If we stick with our early plan of two launches per
mission, this will allow us to increase our crew complement of each flight to 12 or more.
Altematively, if the size of the missions are kept the same, using NTR will allow us to
launch each mission with a single booster, instead of split between two. NTRs can also be
designed to use martian CO? as their propellant. Since this can be acquired at low energy
cost through direct compression out of the atmosphere, rocket vehicles so equipped will
give Mars explorers complete global mobility, allowing them to hop around the planet in a
craft that can refuel itself each time it lands. With the help of NTR, large habitations and
massive amounts of equipment can be seat to Mars. A few such payloads landed at the
same site can provide the basis of the first permanent martian settlement during the 2010-
2020 decade, with a population on the order of 100 people.

There is nothing in the program we have laid out that cannot be done for reasonable cost
during the schedule indicated. The booster we propose uses off the shelf shuttle technology
and would also be ideal for supporting lunar missions. The same habitation we propose for
Mars could also be used to great advantage on the Moon. The second stage of the Mars
ascent vehicle is sized to function equally well as a lunar ascent vehicle. Aerobraking
efficiencies and the ability to acquire return propellant directly from Mars' atmosphere
actually make Mars missions lighter than equivalent lunar missions! Thus, with a Mars
exploration launch requirement of only one launch per year, and a great deal of
commonality of the required hardware, there is no reason whatsoever to postpone the
exploration of Mars until after several decades of lunar base build up. Rather the two
programs can be carried out concurrently.

Humans to Mars in 1999! Its possible. Let's do it!
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SECTION 4.2

DEVELOPMENT, MANUFACTURING AND
CERTIFICATION PANEL

PRECEDING Fac

. FAGE BLARK NOT FiLMED



PRESENTATION 4.2.1

PROBABILISTIC STRUCTURAL ANALYSIS METHODS

FOR N91-28288
SPACE TRANSPORTATION PROPULSION SYSTEMS

C. C. CHAMIS
NASA Lewis Research Cenlter
Cleveland, Ohio

Prepared For The
Space Transportation Propulsion Technology Symposium
Penn State University, June 25-29, 1990

PROBABILISTIC STRUCTURAL ANALYSIS

COORDINATOR: C. CHAMIS  NASA-LERC
CLEVELAND, OHIO

CONTRIBUTORS: N. MOORE NASA-JPL
PASADENA, CALIFORNIA

C. ANIS UTC-P&W
WEST PALM BEACH, FLORIDA

J. NEWELL ROCKWELL INT'L, ROCKETDYNE
CANOGA PARK, CALIFORNIA

V. NAGPAL SVERDRUP TECHNOLOGY
BROOK PARK, OHIO

S. SINGHAL SVERDRUP TECHNOLOGY
BROOK PARK, OHIO
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PRESENTATION OUTLINE

* [SSUES
® STATE-OF-THE-ART
® NEEDS IDENTIFIED

* PROPOSED PROGRAM

* SUMMARY
ISSUES

CERTIFICATION OF SPACE TRANSPORTATION PROPULSION SYSTEMS:

* IS COSTLY.

* IS TIME CONSUMING.

* IS DIFFICULT DUE TO UNCERTAINTIES IN ACTUAL OPERATING CONDITIONS.

* NEEDS TO BE REPEATED FOR:

- MODIFICATIONS TO EXISTING SYSTEMS.

= UPDATED CHANGES IN OPERATING CONDITIONS.
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CERTIFICATION: STATE-OF-THE-ART

* CERTIFICATION OF PROPULSION SYSTEMS IS DONE ON THE BASIS OF:

- MEETING LIMIT LOAD CONDITIONS.

- AVAILABILITY OF TECHNOLOGY BASE THAT CAN BE SAFELY EXTRAPOLATED
WITHIN THE LIMITS. '

* THE RELIANCE IS ON -

- DETERMINISTIC STRUCTURAL RESPONSE.

- EXTENSIVE TESTING FOR VERIFICATION.
- PROOF TESTING FOR CERTIFICATION.

* THE CERTIFICATION METHODOLOGY PROVIDES LITTLE GUIDANCE FOR
HEALTH MONITORING.

DETERMINISTIC CERTIFICATION METHODS: STATE-OF-THE-ART

CURRENT DESIGNS ARE BASED ON DETERMINISTIC STRUCTURAL ANALYSIS WITH
TEST-INTENSTIVE VERIFICATION AND PROOF TESTING FOR CERTIFICATION.

DETERMINISTIC VALUES
OF LOAD, MATERIAL DETERMINISTIC VALUES
PROPERTIES, AND STRUCTURAL OF STRUCTURAL RESPONSE
GEOMETRIES MODEL (DISPLACEMENT, STRESS) .
EXTENSIVE
DESIGN BASED TESTING
4\ S A 5. ONDETERMINISTIC __>.  VERIFICATION -
' VALUE OF LIMIT I
RESPONSE PROOF
TESTING
[}
' CERTIFICATION
N
7

LOCATION - LOCATION
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AT

STRU'CTURES DIVISION
Structural Mechanics Branch

NASN

Lewls flesearch Conter

PROBABILISTIC SIMULATION IS THE RATIONAL ALTERNATIVE IN

THE ABSENCE OF TRADITIONAL TECHNOLOGY BASE FOR

ADVANCED VEHICLE SYSTEMS WHICH ARE DRIVEN BY:

o High Risk

o Quantum Performance
Improvements

o Short Schedules

0 Limiled Resources

PROBABILISTIC STRUCTURAL ANALYSIS METHODS

Load

Uncertainties

Probabilistic
Loads
(CLS)

Structural
Uncertainties

¥

Probabilistic
Slructure
Description

4

Probabilistic

Struclural
Analysis

(NESSUS)

Y

Probabilistic
Struclural
Response

ON-GOING PROGRAMS AT NASA LEWIS RESEARCH CENTER

Material
Behavior
Uncertainties

Y

Material

1 Probabilistic I

LBehavior Model

4

Reliability

Al

Lile

Performance
Longevity
Reliability

Risk
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Component Resgonse Analysis
Using CLS Coupled With PSAM
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NATURAL FREQUENCIES DECREASES AS FRACTURE PROGRESSES
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NATURAL FREQUENCIES ("ER’I'Z)

PROBABILITY OF COMPONENT DAMAGE PROPAGATION PATH
CAUSED BY 100,000 FATIGUE CYCLES

ravil o

PROBABILITY OF PROBABILITY OF
PATH A OCCURS PATH B OCCURS
= 0.00001 = 0.0002
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PROBABILISTIC RISK-COST ASSESSMENT

1.0
PROBABILITY TOTAL COST
OF DAMAGE  .p
INTIATION 10~ = COST FOR COMPONENTS
SERVICE READINESS
-4 + PROBABILITY OF DAMAGE INITIATION
10 ‘ s 5 * CONSEQUENTIAL COST DUE TO
104 10° 10° DAMAGE INITIATION
FATIGUE CYCLES
1000
TOTAL 100 |-
COST
Ly 5 6
10 10 10
FATIGUE CYCLES

THETOTAL COST T'0 IMPROVE TIE STRUCTURAL
RELIABILITY CAN BE QUANTIFIED IN TIERMS OF
MEAN STRENGTI (GIVEN QUALITY)
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PIIE TOTAL COST 10 IMPROVE MIE STRUCTURAL
RELIABILITY CAN DE QUANTIFIED IN TERMS OF
QUALITY CONTROL (GIVEN MEAN STRENGTIY)

2.2
0

§ ToTALCOST
P FAILURE PROBABILITY

2.0
.06

TOTAL COST
1 1.8
N \
03 04
PROBABILITY OF FAILURE

<

?
< ~ m\pJ

' ) o
400 80 60 40 20°
QUALITY (SCATTER)

STRUCTURES DIVISION NNSN

Lowis Nessarch Conler

SSME STRUCTURAL DURABILITY

PROBABILIS7-'IC STRUCTURAL ANALYSIS METHODS DEVELOPMENT

FY90 Add component risk.assessment capability
o  Stale-ol-the-art method
o Incorporats uncertainlies in a multilactor interaction equation for malerial
strength degradation
o Probabilistic nonlinear conslilutive relationships

FY91 Add sysiem risk assessment capability
o  Faul lree concepls
o Global model concepls

FY92 Develop qualilication/certification capability
o Incorporate structural fracture concepls
o Probabiiistic progressive iraciure
o  Probabilistic life/durability
FY93 Develop system haalth monitoring criteria
o Inspection criteriafintervals

o  Updaled e
0  Retirement lor cause
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NEEDS IDENTIFIED
FOR MULTI-LEVEL PROBABILISTICALLY SIMULATED CERTIFICATION OF PROPULSION SYSTEMS

* COMPUTATIONAL METHODS NEED TO BE DEVELOPED FOR CONDUCTING PROBABILISTIC
ANALYSES AT VARIOUS LEVELS OF THE SYSTEM ( SUB-COMPONENT, COMPONENT, SYSTEM ).

* SMART DECISION-ORIENTED CODES NEED TO BE DEVELOPED FOR AUTOMATED, FAST, AND
EFFICIENT PROBABILISTIC ANALYSIS AT ALL LEVELS OF THE SYSTEM.

* AUTOMATED SELF-ADAPTIVE CODES NEED TO BE DEVELOPED FOR PERFORMING GLOBAL/
LOCAL NONLINEAR ANALYSES.

* A GLOBAL/LOCAL DAMAGE INITIATION LIBRARY IS NEEDED WITH CAPABILITY FOR
AUTOMATIC IDENTIFICATION OF APPLICABLE DAMAGE INITIATION MECHANISMS.

* COMPUTATIONAL METHODOLOGIES NEED TO BE DEVELOPED FOR PROBABILISTIC ASSESSMENT
OF PROGRESSIVE DAMAGE GROWTH AND GLOBAL/LOCAL DAMAGE COALESCING.

* RISK MODELS NEED TO BE DEVELOPED FOR PROBABILISTICALLY QUANTIFYING
RELIABILITY, RISK, AND COST.

* SIMULATION METHODS ARE NEEDED FOR DEVELOPING DATA/RESULTS REQUIRED FOR
SYSTEM VERIFICATION.

* PROBABILISTIC METHODS NEED TO DEVELOPED FOR DETERMINING CRITERIA AND
SELECTING MINIMUM NUMBER OF TESTS REQUIRED FOR SYSTEM VERIFICATION.

* METHODOLOGIES ARE NEEDED FOR SYSTEM VERIFICATION USING EXISTING/NEW
TECHNIQUES/EQUIPMENT.

* QUANTIFIABLE CERTIFICATION CRITERIA MUST BE DEVELOPED. PROBABILISTIC
SIMULATION WILL ACCOMPLISH THIS GOAL.

* MATHODOLOGIES NEED TO BE DEVELOPED FOR HEALTH MONITORING BASED ON
PROBABILISTICALLY QUANTIFIED RFLIABILITY AND RISK.

PROPOSED PROGRAM

MAJOR OBJECTIVE:

SOFTWARE SYSTEM TO PROBABILISTICALLY SIMULATE CERTIFICATION OF
SPACE TRANSPORTATION PROPULSION STRUCTURAL SYSTEMS.
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PROPOSED PROGRAM

MULTI-LEVEL PROBABILISTICALLY SIMULATED
- CERTIFICATION OF PROPULSION SYSTEMS

OBJECTIVE:

JUSTIFICATION:

APPROACH:

RESOURCES:

Automated software packages for multi-level system probabilistic
structural integrity, progressive damage and risk analyses required
for testing, verification, certification and guidance for heaith
monitoring of propulsion systems.

Propulsion systems are presently certified based on deterministic
structural analysis, local failure models, a large experimental
database, and gradually increasing confidence based on qualitative
judgement and continually increasjng in-flight experience. This
results in certification of designs which do not account for realistic
load, material characteristics and responses. Such a practice is
very expensive and inefficient. An economically attractive alternate

based on modelling for actual operating conditions is by probabilistic
analysis.

Research will be conducted to develop efficient, automated, cost-
effective probabilistic structural analysis methods. The research
activities will consist of (1) telescopic analysis capability for analyzing
propulsion systems at various structural detail levels, automatically
with @ minimum number of system parameters, (2) smart solver
codes for efficient solutions with automated identification of minimum
number of degrees of freedom required to capture the physics of
the system, (3) automated nonlinear global/local structural analysis
with user-independent decision making for solution of nonlinearities
and damage-critical areas, (4) damage initiation library for identifying
material/structure/load-specific damage sites/types, (5) damage
growth and pattern for predicting site and type of failure, (6) risk
models for predicting cost/reliability /insurance, (7) simulation
methods for generating data/results required for verification, (8)
Criteria and test selection for identification of suitable minimum
experiments, () verification using existing systems, (10) certification
based on quantifiable reliability and risk levels, and (11) guidance
for health monitoring based on probabilistically quantified risk.

$25M over a S-year period (See attached time schedule chart)
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PROGRAM IMPLEMENTATION

* MULTI-INSTITUTION PARTICIPANT DEVELOPMENT.
(DIFFERENT INSTITUTIONS DEVELOP DIFFERENT PARTS.)

* ANNUAL RELEASES WITH PROGRESSIVE SOPHISTICATION CAPABILITY.
* WORKSHOPS FOR NEW CAPABILITY USER INSTRUCTIONS.

* EARLY-ON ADAPTATION INTO PRELIMINARY AND FINAL DESIGN ENVIRONMENTS.

* VERIFICATION/COMPARISON WITH PAST DESIGN AND FIELD EXPERIENCE
AT USERS FACILITY.

* FORMATION OF PARTICIPANTS' USERS GROUP.

* FORMATION OF SOFTWARE MAINTENANCE INSTITUTION.

SUMMARY

CERTIFICATION OF SPACE TRANSPORTATION PROPULSION SrSTEMS:

* ISSUES:
- COST/TIME/ACTUAL OPERATING CONDITIONS.

* STATE-OF-THE-ART

- CERTIFICATION/DETERMINISTIC METHODS/PROBABILISTIC STRUCTURAL
ANALYSIS METHODS.

* NEEDS IDENTIFIED

- PROBABILISTIC METHODS FOR UNCERTAINTIES IN LOADING/STRUCTURE/
MATERIAL/DAMAGE/FABRICATION.

- PROBABILISTIC RISK MODELS/TEST SELECTION/VERIFICATION/
CERTIFICATION.

- GUIDANCE FOR HEALTH MONITORING.
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SUMMARY (CONTINUED)

* PROPOSED PROGRAM

— OBJECTIVE: PROBABILISTICALLY SIMULATED CERTIFICATION.

- JUSTIFICATION: ACTUAL OPERATING CONDITIONS/QUANTIFIABLE RISK/ -

DECISION-ORIENTED SMART CODES/LESS COST/
GUIDANCE FOR HEALTH MONITORING.

- APPROACH: 11 RESEARCH ACTIVITIES.

- TIME SCHEDULE AND RESOURCES: $25M OVER A 5-YEAR PERIOD.

* IMPLEMENTATION

- INCORPORATION INTO A DESIGN ENVIRONMENT.
- EDUCATION TO USERS.

- VERIFICATION/COMPARISON WITH PAST DESIGN AND FIELD EXPERIENCE.

LIQUID ROCKET PROPULSION

CURRENT DETERMINISTIC APPROACH

ENGINE
TESTING/FLIGHTS
ENGINNEERING - DEMONSTRATED LIFE
: . - RISK & COST
ANALYSIS FLEET LEADER RIS & o
 FAB & TEST - TIME OR CYCLE LIFE
* F.S. & LIFE ~ + UNDERLYING * GROUND TEST
RELIABILITY
ADDED ADDED
CONFIDENCE CONFIDENCE
QUALITATIVE
JUDGEMENTS
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LIQUID RQCKET PROPULSION.

CURRENT CERTIFICATION PROCESS
GOAL: QUANTIFIED DECISION PROCESS FOR RISK & COST BASED ON TOTAL PROCESS

REQUIREMENTS/ |—+| DESIGN/ANALYSIS|— MANUFACTURING [ ﬁgg‘rm“"'“‘ | DEveLoPMENT
SPECIFICATIONS * CLAB - SYSTEM TESTS
. -HOTFIRE | * MEASUREMENTS
- - CERTIFICATION
A e | e |
* STRUCTURAL Qe * STRAIN GAGES S
s_mm TESTS - PROBES
- INSIP - LOTTESTS
- DV8 - INSPECTIONS ANOMILIES .
& RESOLUTIONS
DY
7
SUPPORT L] ACCEPTANCE _ FULHTS
* MATERIALS TESTS - PLANNED
- TESTING - ABORTS
" FAB - COMPONENT - [T
" ETC. (T/P) GREEN
A — RUNS
 ENGINE T COMPONENT
- INSPECTIONS REPLACEMENT
NEQUIREMENTS
*—""' REFURBISHMENT 114 )
- INSPECTIONS
- HARDWARE
STUDIES

P ———

PROPOSED PROGRAM

MULTI-LEVEL PROBABILISTICALLY SIMULATED CERTIFICATION OF PROPULSION SYSTEMS

OBJECTIVE: AUTOMATED SOFTWARE PACKAGES FOR INTEGRATED SYSTEM LIFE CYCLE MULTI-LEVEL
PROBABILISTIC STRUCTURAL INTEGRITY, PROGRESSIVE DAMAGE AND RISK ANALYSES
REQUIRED FOR CERTIFICATION AND HEALTH MONITPRING OF PROPULSION SYSTEMS.

JUSTIFICATION: - DESIGN FOR REALISTIC IN-FLIGHT ENVIRONMENT
QUANTIFIABLE RELIABILITY/RISK/COST
DECISION-ORIENTED SMART CODES

LESS COST
GUIDANCE FOR HEALTH MONITORING
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- PROPOSED PROGRAM (CONTINUED)

MULTI-LEVEL PROBABILISTICALLY SIMULATED CERTIFICATION OF PROPULSION SYSTEMS

TELESCOPI(; ANALYSIS CAPABILITY

~ SMART SOLVER CODES

- AUTOMATED NONLINEAR GLOBAL/LOCAL STRUCTURAL ANALYSIS
~ DAMAGE INITIATION LIBRARY

- DAMAGE GROWTH AND PATTERN

- RISK MODELS

~ SIMULATION METHODS FOR VERIFICATION

~ CRITERIA AND TEST SELECTION

~ VERIFICATION USING EXISTING SYSTEMS

= CERTIFICATION
= HEALTH MONITORING

APPROACH:

RESOURCES: $25M OVER A 6-YEAR PERIOD
PROPOSED PROGRAM

MULTI-LEVEL PROBABILISTICALLY SIMULATED CERTIFICATION OF PROPULSION SYSTEMS

OBJECTIVE: - AUTOMATED SOFTWARE PACKAGES FOR INTEGRATED SYSTEM LIFE CYCLE MULTI-LEVEL
PROBABILISTIC STRUCTURAL INTEGRITY, PROGRESSIVE DAMAGE AND RISK ANALYSES
REQUIRED FOR CERTIFICATION AND HEALTH MONITPRING OF PROPULSION SYSTEMS.

JUSTIFICATION: - DESIGN FOR REALISTIC IN-FLIGHT ENVIRONMENT
- QUANTIFIABLE RELIABILITY/RISK/COST
- DECISION-ORIENTED SMART CODES
- LESS COST
- GUIDANCE FOR HEALTH MONITORING

APPROACH: —~ TELESCOPIC ANALYSIS CAPABILITY
~ SMART SOLVER CODES
~ AUTQMATED NONLINEAR GLOBAL/LOCAL STRUCTURAL ANALYSIS
~ DAMAGE INITIATION LIBRARY
~ DAMAGE GROWTH AND PATTERN
- RISK MODELS
- SIMULATION METHODS FOR VERIFICATION
- CRITERIA AND TEST SELECTION
~ VERIFICATION USING EXISTING SYSTEMS

- CERTIFICATION
= HEALTH MONITORING

'RESOURCES: $25M OVER A 6-YEAR PERIOD
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N91-28239

PRESENTATION 4.2.2

TECHNOLOGY TRANSFER METHODOLOGY

WILLIAM C. BOYD
JOHNSON SPACE CENTER

JUNE 25 - 29, 1990

SPACE TRANSPORTATION PROPULSION TECHNOLOGY SYMPOSIUM
JUNE 25 - 29, 1930
DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL
TOPIC: TECHNOLOGY TRANSFER METHODOLOGY

COORDINATOR: BILL BOYD, JSC

CONTRIBUTORS: RICH LABOTZ, AEROJET TECHSYSTEMS
DON CONNELL, PRATT & WHITNEY

KEN KROLL, JSC

SPEAKERS: BILL BOYD

RICH LABOTZ
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TECHNOLOGY TRANSFER METHODOLOGY

AGENDA

0O INTRODUCTION

0 BACKGROUND

0 TOPIC FOCUS

BILL BOYD

0 TECHNOLOGIST'S VIEW
0 FINDING A HOME FOR TECHNOLOGY

O OBSERVATIONS AND RECOMMENDATIONS

O SYSTEM DEVELOPER'S VIEW
0 PROVIDING A HOME FOR TECHNOLOGY

0 OBSERVATIONS AND RECOMMENDATIONS

0 DISCUSSION

INTRODUCTION

0 BACKGROUND

RICH LABOTZ

BILL BOYD

ALL

0 DESIRABLE FEATURES OF FUTURE PROPULSION SYSTEMS

SAFE

HIGH PERFORMING

LIGHT WEIGHT

SIMPLE IN DESIGN

RELTABLE

LOW IN COST

OPERATIONALLY FLEXIBLE & EFFICIENT

OO0 O0OO0OO0OO0O

O ALL STRONGLY DRIVEN BY AVAILABILITY OF USEFUL TECHNOLOGIES

0 AVAILABILITY DRIVEN BY "EFFICIENT TECHNOLOGY TRANSFER" FROM THE
TECHNOLOGISTS TO THE SYSTEM DEVELOPERS — THE USERS

0 HISTORICAL DATA:

0 "NEW" TECHNOLOGIES SELDOM UTILIZED IN NEW SYSTEM DEVELOPMENTS

0 FOCUS OF THIS TOPIC:
0 UNDERLYING ISSUES AND BARRIERS

0 POSSIBLE APPROACHES TO IMPROVE TECHNOLOGY TRANSFER
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TECHNOLOGY TRANSFER METHODOLOGY

AGENDA

INTRODUCTION
0 BACKGROUND

0 TOPIC FOCUS

TECHNOLOGIST'S VIEW
O FINDING A HOME FOR TECHNOLOGY

O OBSERVATIONS AND RECOMMENDATIONS

BILL BOYD

RICH LABOTZ

SYSTEM DEVELOPER'S VIEW BILL BOYD
0 PROVIDING A HOME FOR TECHNOLOGY

0 OBSERVATIONS AND RECOMMENDATIONS

DISCUSSION ALL

TECHNOLOGY TRANSFER METHODOLOGY

"PROVIDING A HOME FOR TECHNOLOGY"

0 ISSUES FOR NEW SYSTEM DEVELOPMENT

‘0 THE DEVELOPERS PERSPECTIVE

0 ONE VIEW OF THE TECHNOLOGY UTILIZATION PROCESS

0 BARRIERS TO PROVIDING A HOME FOR TECHNOLOGY

0 INCENTIVES TO USE NEW TECHNOLOGY

0 EXAMPLE OF TECHNOLOGY TRANSFER THAT MAY WORK

0 RECOMMENDATIONS
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ISSUES FOR NEW SYSTEM DEVELOPMENT

TECHNOLOGY IMPLEMENTATION IS INDEED NEED DRIVEN

DEVELOPMENT MUST RESULT IN A "ROBUST" SYSTEM
0 RELIABLE
0 LONG-LIFE
0 LOW COST

0 PERFORMANCE MARGIN

APPLIED TECHNOLOGY MUST BE MADE AVAILABLE

0 RESOLUTION OF PROBLEMS AS THEY ARISE IN OPERATION

THE DEVELOPERS PERSPECTIVE

INHERENT DIFFERENCE IN ENGINEERING APPROACH BETWEEN
TECHNOLOGISTS AND DEVELOPERS

0 TECHNOLOGISTS CONCENTRATE ON PERFORMANCE

O DEVELOPERS WANT RELIABILITY AND LIFE

TECHNOLOGY PROGRAMS OFTEN DEAD-ENDED

TECHNOLOGY OFTEN DOES NOT ADDRESS THE REAL NEEDS

NEW SYSTEM DEVELOPMENT PROGRAMS MUST AIM AT LOW RISK

SYSTEM DEVELOPMENT CANNOT AFFORD THE BURDEN OF TECHNOLOGY
VALIDATION

INNOVATION CANNOT BE FORCED - MUST DO WHAT'S RIGHT
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BARRIERS TO PROVIDING A HOME FOR TECHNOLOGY

PERCEIVED HIGH RISK

0 LEVEL OF TECHNOLOGY MATURITY

NOT INVENTED HERE
0 DESIRE FOR "HANDS ON"

0 WOULD RATHER IT HAD BEEN DONE "OUR WAY"

"OFF-THE-SHELF"-ITIS
0 ECONOMICS
0 TECHNICAL ADEQUACY OF IN-PLACE CAPABILITIES

0 SHORT LEAD TIME

DEVELOPMENT MANAGERS TYPICALLY NOT TRAINED TO BE VISIONARY

INCENTIVES TO USE NEW TECHNOLOGY

0 POSITIVE INCENTIVES
0 TECHNOLOGY VALIDATED
0 TECHNOLOGY UNDERSTOOD
O CONFIDENCE IN THE TECHNOLOGIST
O TECHNICAL SUPERIORITY

O FEELING OF OWNERSHIP

0 OTHER INCENTIVES
O TECHNOLOGISTS FEEL THREAT

O IMPOSED "FROM ABOVE"
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TECHNOLOGY TRANSFER EXAMPLE

0 ADVANCED THRUSTER CHAMBER MATERIALS

0
0

IRIDIUM/RHENIUM CHAMBER TECHNOLOGY DEVELOPED BY LERC

JSC INITIATING VALIDATION OF APPLICATION TO SHUTTLE RCS VERNIER

0 VALIDATION PROGRAM OBJECTIVE - MAKE THE VERNIER MORE ROBUST

0
0

IMPROVE DURABILITY, AND THUS LIFE, OF THE VERNIER

SAVE VERNIER REFURB COSTS AND ORBITER TURNAROUND TIME

0 ASPECTS OF THIS TRANSFER

0
0

INITIAL TECHNOLOGY OBJECTIVE TO MAXIMIZE PERFORMANCE
GOAL TO ACHIEVE DURABILITY IDENTIFIED LATE IN PROGRAM
PERCEIVED NEED TO JUSTIFY TECHNOLOGY EXPENDITURES
VALIDATION TO BE DONE BY DEVELOPERS - GOOD

VALIDATORS COMING IN "GREEN" - NOT SO GOOD

RECOMMENDAT IONS

O ESTABLISH CO-OWNERSHIP OF TECHNOLOGY PROGRAMS

0 MINIMIZES NIH SYNDROME

0 FORCES DIALOGUE BETWEEN TECHNOLOGISTS AND DEVELOPERS

O RE-FOCUS THE EMPHASIS AS APPROPRIATE FROM PERFORMANCE TO
RELIABILITY AND ROBUSTNESS

O CHANGE THE SCOPE OF TECHNOLOGY PROGRAMS

0

REQUIRE VALIDATION OF TECHNOLOGY AS PART OF THE TECHNOLOGY
PROGRAM — DON'T PLACE BURDEN ON SYSTEM DEVELOPERS

ELIMINATE "PAPER" TECHNOLOGY DEVELOPMENT

MAY REQUIRE REDUCING NUMBER OF TECHNOLOGY PROGRAMS

O START PROCESS WITH PROPOSED NEW FY92 RTOPS
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INFLUENCE OF PREDEVELOPMENT ACTIVITY
ON ACTUAL-TO-PROPOSED COST RATIO
(DDT&E FIRST UNIT COSTS, AS OF 1983)

PROPOSED
PROGRAM  SUBSYSTEM COST($M)
APOLLO SPS ENGINE 19.1
CM RCS ENG 4.9
SM RCS ENG 8.8
CRYO STORAGE 5.5
FUEL CELL 20
SHUTTLE  RCS PRIMARY 8.9
RCS VERNIER 2.5
APU 10.5
CRYO STORAGE 6.5
FUEL CELL 9.8
OMS ENGINE 19.8
OMS POD 15

8-14-87

ACTUAL CoST PREDEVELOPMENT
COST($M) RATIO ACTIVITY
85 4.5 NONE
22.6 4.8 LIMITED
29.4 3.3 LIMITED
16 2.9 SOME
50 2.5 SOME
51.4 5.8 LIMITED
11.1 4.4 LIMITED
42 4.0 LIMITED
14.9 2.3 EXTENSIVE
19.5 2.0 EXTENSIVE
42 2.1 EXTENSIVE
130 1.7 EXTENSIVE
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PRESENTATION 4.2.3

GenCorpP

Propulsion Division
ASR0OJET

N91-28240
Technology Transfer Methodology

Rich La Botz
Director, Technology Development

Technology Transfer Methodology

+ Introductory Comments

- Life and Death Issues
 Problems in Economics

- Barrlers to Finding a Home
« Observations

« More Observations

A Current Example

« Recommendations
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enCORP
ASROJST

Propulsion Division

Life and Death Issues

Conception to Maturity (Flight)

« ~ Typically 8-12 Years
« Trend Is Wrong

There Are Few Survivors

« Juvenile Mortality Rates Are High (>90%)

« Many Deaths Are Warranted

« Some Deaths Are Untimely

« Technology Is Cheap, Development Costs Money
« Orphans Always Die

- Nurturing Parents Are Critical

Resurrection Is A Fact

« New Missions (HIPERTHIN)
« New Supporting Technology (E.P.)

Problems in Economics

Low Production Quantities Discourage Change
» Amortized Cost of Change Is High
« Products Have Long Lives

« Few New Systems

« No Payback for Incremental Iimprovements

Market for Propulsion Is Parochial (Fragmented), Short-Sighted
« No Significant Pooling of Interests, Resources

= Acquisition Costs Overshadow Life Cycle Costs
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GeNCORP

; Propulsion Division
Acer0JeT

Observations
. Implementation Is Need Driven, Not Technology Driven

« Typical Drivers
- Fallure (STS Vernier Engines)
- New Requirements (SDI - HIPERTHIN injectors)

- External influences (Vendor Disappears, Environmental)

More Observations

Inhibitors to Using Improved Technology in Development
« NIH
. Caution (Perceived Risk)

« Ineffective Marketing (Technical Superiority Loses to
Technical Adequacy + Superior Marketing)

. Ignorance (Not Stupidity)
. Lack of Vision (Requirements Growth Unrecognized)
. Funding (Off the Shelf Cheaper)
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GenCorRP Propulsion Division
AerR0OJET

Technology Transfer — A Current Example

Technology - Ir/Re Chambers For Small Bipropellant Space
Engines (0.5-1000 Ibf)

Benefits - Improved Performance
Sibf, + 25 secls
100 ibt, + 10-15sec Is
- Longer Life (10X)
- Wider Margins
. Technology Development
1984 - Present

LeRC Primary Funding Source
Aiso JPL, Aerojet IR&D, SBIR Contracts

Technology Application Opportunities

1987 - Proposed CRAF Mission

MM Il Propulsion From FRG (MBB)

MBB 400N Engine Inadequate (Ig = 308)

JPL Funds Aerojet 400N ir/Re Demo Engine
lg =323 sec
Duration = 15,000 sec (Funding Limited)
Twall = 3500°F (800°F Margin)

Program Terminated
~ "German Engine To Be Used"

~ CRAF Slips, Lower Energy Requirements
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eNCORP Propulsion Division
Acr0OJeT

Technology Application Status

1990 — MMII Propulsion
- FRG 400N Engine Being Replaced

- Ir/Re A Candidate If Readiness Can Be Demonstrated

-~ STS Vernier Engines

— Improved Life and Margin Chambers Being Considered

~ Ir/Re A Strong Candidate

Assessment and Recommendations

« Positive Factors
 Major Technology Improvement
« Very Positive Resuits to Date
- Concerned Parents (Byers at LeRC, Aerojet)
- Broad Applicability With Payoff
« Negative Factors
« Highly Fragmented Market (1's and 2's)
« Currently Not Need Driven
« Recommendation

- NASA Recognize and Fill Gap Between Code R Charter
and Fragmented User Codes (i.e., Combine Needs)
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GeNCorp

Propulsion Division
ASROJET

Recommendations

« Goal - More Effective Use of New Technology

« Approach - Develop Co-Ownership of Technology

(Minimize NIH, Ignorance, etc.)

« Technique - Co-Sponsorship of Technology
(Code Rvs. E, M, etc.)

Recommendations (Cont)

Co-Sponsorship of Technology

. Code R Budget
- 1/3 Unrestricted "Blue Sky Technology"
= 2/3 Restricted to Co-Signing, Co-Sponsorship With Other Codes

« Other Codes

- Gilven Budget "Set-Aside’ Equal to Code R Restricted 2/3,

“Set-Aside Budget Must be Spent in Code R with Co-Signing,
Matching Code R Funds
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GeNCorpP Propulsion Division
Aer0JeT

Recommendations (Cont)

. Benefits of "Co-Signed" Technology
- User Code Has Ownership
- User Code Has Input on Technology Direction
- Code R Sees Substantial Budget Enhancement
- Forces Continuing Technologist/User Dialog

. Drawbacks of Suggested Approach
- Adds Complexity to Administration
- Nothing Is as Simple as it Appears
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N91-28241

PRESENTATION 4.2.4

Space Transportation Propulsion Technology Symposium
NNASA DEVELOPMENT, MANUFACTURING & CERTIFICATION PSU

——— —

NATIONAL TEST BED CONCEPT
COORDINATOR: PLEDDIE BAKER
NASA-WHITE SANDS TEST FACILITY

CONTRIBUTOR: ROGER MEYER
LESC-WHITE SANDS TEST FACILITY

CONTRIBUTOR: MELVIN McILWAIN
AEROJET-PROPULSION DIVISION

Space Transportation Propulsion Technology Symposium

NASA ISSUES PSU

e HIGH COST OF PROPULSION TESTING
e ATTRITION OBSOLESCENCE AND NONEXISTENCE

OF PROPULSION TEST FACILITIES

e ATTRITION OF TECHNICAL SKILLS AND
EXPERTISE OF PROPULSION TEST PERSONNEL
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NASA

Space Transportation Propulsion Technology Symposium

HIGH COST OF PROPULSION PSU
TESTING

COUNTER-PRODUCTIVE COMPETITION BETWEEN CENTERS
USE OF OTHER GOVERNMENT FACILITIES

- VERY HIGH COST OF TESTING

- SCHEDULE CONFLICTS

- LIMITED TECHNICAL SKILL/KNOWLEDGE TRANSFER
FUNDING OF FACILITIES/EQUIPMENT IN PRIVATE SECTOR
BIASES COMPETITION ON NEW PROGRAMS

DIFFICULT FOR OTHER CONTRACTORS TO USE

DIFFICULT TO RELOCATE

HIGH COST OF TESTING AND MAINTENANCE

Space Transportation Propulsion Technology Symposium

ATTRITION, OBSOLESCENCE, AND PSU
NON-EXISTENCE OF PROPULSION TEST FACILITIES

ENVIRONMENTAL RESTRICTIONS/IMPACTS
ENCROACHMENT BY PRIVATE SECTOR
AGING AND/OR OBSOLETE

INEFFICIENT

LIMITED OR NONEXISTENT CAPABILITIES
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NASA

Space Transportation Propulsion Technology Symposium

ATTRITION OF TECHNICAL SKILLS AND EXPERTISE
OF PROPULSION TEST PERSONNEL

PSU

e LOSS OF SKILLS AND EXPERTISE DURING LONG-LIFE PROGRAMS
e LITTLE EXPERIENCE GAINED/TRANSFERRED WHEN TESTING AT

OTHER GOVERNMENT FACILITIES

e INADEQUATE TRANSFER OF PRACTICAL KNOWLEDGE AND

OPPORTUNITY FOR HANDS-ON EXPERIENCE

¢ DECLINING NUMBER OF TECHNICAL PERSONNEL AVAILABLE

NASA

Space Transportation Propulsion Technology Symposium

OBJECTIVES

PSU

DEVELOP WITHIN NASA A NATIONAL TEST BED FOR
PROPULSION SYSTEM TESTING

EFFICIENTLY UTILIZE NASA's LIMITED FUNDING FOR
FUTURE PROPULSION SYSTEM DEVELOPMENT AND
SUSTAINED FLIGHT SUPPORT

ENSURE ADEQUATE TEST FACILITIES ARE AVAILABLE
WITHIN NASA TO SUPPORT FUTURE PROPULSION SYSTEMS
DEVELOP AND MAINTAIN WITHIN NASA AND THE PRIVATE
SECTOR THE TECHNICAL SKILLS AND EXPERTISE FOR
FUTURE PROPULSION SYSTEM DEVELOPMENT
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Space Transportation Propulsion Technology Symposium

NASA  PROPOSED ACTIONS AND PROGRAMS PSU

* ESTABLISH WITHIN NASA HQ ONE ORGANIZATION RESPONSIBLE
FOR ADMINISTERING ALL NASA PROPULSION TESTING

e ESTABLISH AN INDEPENDENT REVIEW ORGANIZATION TO:

- INVENTORY EXISTING NASA TEST FACILITIES AND THEIR
CAPABILITIES

- DETERMINE THEIR FUTURE USABILITY

- COMPARE THEIR CAPABILITIES/USABILITY TO THE NEED FOR
FUTURE PROPULSION SYSTEM TESTING

- RECOMMEND TYPE/SIZE PROPULSION SYSTEM BEST TESTED
AT EACH FACILITY

- RECOMMEND MODIFICATIONS/ADDITIONS TO BE MADE TO
EACH FACILITY

Space Transportation Propulsion Technology Symposium

NNSA PROPOSED ACTIONS AND PROGRAMS PSU
(CONTINUED)

* ESTABLISH A NATIONAL TEST BED FOR PROPULSION SYSTEM
TESTING
- FACILITIES WHICH WILL BE INCLUDED
- TYPE/SIZE OF PROPULSION SYSTEMS WHICH WILL BE
TESTED AT EACH
- MODIFICATIONS/ADDITIONS WHICH WILL BE MADE
TO EACH AND WHEN

* ESTABLISH A "JANNAF LIKE" FORUM OF REPRESENTATIVES
FROM THESE TEST FACILITIES TO ENHANCE THE TRANSFER
OF PROPULSION TEST TECHNOLOGY AND INFORMATION

* ESTABLISH AND FUND A PROGRAM TO STIMULATE
INTEREST AT ALL LEVELS OF EDUCATION IN MATH,
SCIENCE, AND SPACE
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Space Transportation Propulsion Technology Symposium

NASA MAJOR MILESTONES PSU

e NASA HQ COMMITMENT TO A NATIONAL TEST BED FOR
PROPULSION TESTING - LATE FY 90

e NASA HQ COMMITMENT/FUNDING TO AN EDUCATIONAL
PROGRAM TO STIMULATE INTEREST AT ALL LEVELS IN
MATH, SCIENCE, AND SPACE - LATE FY 90

e REVIEW COMPLETED, NATIONAL TEST BED ESTABLISHED,
RESPONSIBILITIES ASSIGNED - LATE FY 91

e JOINT NASA "JANNAF LIKE" WORKING GROUPS FORMED
AND FUNCTIONING - EARLY FY 92

MODIFICATIONS AND ADDITIONS TO EXISTING TEST
FACILITIES - FY 92-96
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PRESENTATION 4.2.5

Historical Problem Areas
L essons Learned

N91-238242

Coordinator: John W. Griffin - NASA/JSC

Presenter: Bob Sackheim - TRW

« Long Life Spacecraft Propulsion Systems

Presenter: Dale Fester - Martin Marietta

« Launch Vehicles & Reusable Systems

Historical Problem Areas
Introductory Comments

» RELIABILITY Not Efficiency Is More Critical for Future
Long Life/Reusable Propulsion Systems

« Can Plan for Low Efficiency But Not
UNPREDICTABLE Performance

» Orbital Maintenance Is A Total Unknown -
Tremendous Design/Logistics Implications

« Space Shuttle Is BEST Reusable/Long Life System
Available - Maintenance Level Unacceptable
for Orbital Use
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Historical Problem Areas
‘Introductory Comments

« Primary RELIABILITY Deficiencies

* MATERIALS - Propellant, Thermal, Wear,
Contamination, Space Environment Compatibility

* SIMPLE Designs

« Commonality, Integrated Systems, Orbital
Maintenance - Often Impact Design Simplicity

* MATURE Hardware - Properly Tested and Analyzed
Prior to Operational Commitment

« Firm Definition of Design REQUIREMENTS and
Technology Assessment Before Design Commitment

* Environments - Internal & External - Especially
Critical
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PRESENTATION 4.2.6

70%ww

STPSS Panel on Development, Manufacturing,
and Certification

Historical Problem Areas-Lessons
Learned for Spacecraft Propulsion
Systems

R. L. Sackheim
TRW Space & Technology Group
June 25-29, 1990

Historical Problem Areas and Lessons Learned
for Space Propulsion Systems

Applications
* Upper stages
* Orbit maneuvering and/or space transfer vehicles
¢ Low-earth-orbit spacecraft
 High-altitude satellites
* Planetary exploration spacecraft

Typical mission level propulsion requirements
e Attitude control/momentum management
e Orbit adjust/drag make up
* Stationkeeping
* Perigee/a}..gee orbit injection
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Typical Space Propulsion Systems Currently in Use

Earth storable bipropellant
Monopropellant hydrazine
Cold gas

Solid kick motors

What Are the Issues?

Many problems keep recurring on operational systems

Lacking discipline and organized methodology to get full benefits from past
lessons learned

Too much money spent on paper studies and associated processes

No enough money spent on propulsion system/device certification through
realistic testing

Experience keeps telling us to validate design over full range of operating
conditions

Need to demonstrate adequate margins
Need to conduct adequate test programs that validate:
* Selection of materials and processes

* Fullrange of realistic operating conditions {temperatures, pressures
flow rates, mixture ratio, pressurant gas saturation, etc.)

* Design margins and robustness over range of potential operating
conditions
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What Are the Issues? (Continued)

Must address issue of the cost of adequate testing during early
development versus cost of solving problems later in certification cycle

Assessment of analysis and simulation versus testing: what is proper mix
and how to make these efforts more complementary

Concentrate on fewer but higher quality technology and development
programs

How can NASA and their supporting contractors make better use of test
beds to address common recurring problems?

Examples abound of many unresolved recurring issues (e.g., adiabatic
compression detonation, leakage, thermal control, inadequate materials,
fracture mechanics, earth storable propellants residue buildup, etc.)

Historical Problems—Lessons That
Should Have Been Learned

General problem areas
Materials compatibility
* Propellant chemical compatibility with storage and feed system materials
» Hot gas materials compatibility with thrust chambers, injectors, valves, etc.
Contamination problems
* Residue accumulation in earth storable (N904 , MMH, and NoHg )
* Particulate and NVR buildup
» Wear debris contamination (valves, regulators, etc.)

Pneumatic/feed system flow instabilities leading to fatigue and premature
component wear out

Other system instabilities
e Combustion (rocket engine)
e Thermal
e Fuel slosh (impact on vehicle dynamics)
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Some Examples of Lessons Learned From Past
Spacecraft Propulsion System Problems

Examples From
Problem System Type Past Programs Solution
N2Hg and earth storable ] Monopropellant NogHg | INTELSAT IV, P-95, Minimum propellant
residue accumulation  |N2H4 /MMH ATS-V1, Gemini, exposure during
and associated flow Symphonie, Space ground/test operations,
decay Shuttle cleanliness control,
thermal conditioning and
careful selection of
materials
Shell 405 catalyst N2H4 P-95, Classified Catalyst bed/reactor
breakup spacecraft design, heated catalyst
beds
Hot restart sensitivity | N2H4, N20a/MMH INTELSAT-IV, Galileo, }Improved engine thermal
(potentially destructive TDRS design, higher operating
worst-case thermal margins and proper
duty cycles) thermal installation
Freeze-thaw damage  |N2H4 and N204 ATS-VI, Classified flight | Redundant
spacecraft failure heaters/controls

Some Examples of Lessons Learned From Past
Spacecraft Propulsion System Problems (Continued)

Examples From

Problem System Type Past Programs Solution
Ca.talyft bad self- N2Hg P-95, Voyager, Catalyst bed heaters
poisoning FLTSATCOM, DSP and purified (analine-

free) NoHy
Thruster nitriding N2H4, NaHg /MMH DSCS-III, Space Use more compatible
and/or high Shuttle APU, Gemini materials and protective
temperature corrosion coatings
Plugging of injector feed |N2H4 INTELSAT-I1I, Voyager |Injector orientation
tubes/valves with during dynamic
catalyst fings excitation
Fuel slosh All liquids TACSATCOM, Better total dynamic

destabilization

INTELSAT-1V, INSAT

characterization of
spacecraft under all
realistic conditions
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Some Examples of Lessons Learned From Past
Spacecraft Propulsion System Problems (Continued)

Problem

System Type

Examples From
Past Programs

Solution

Combustion instabilities

All rockets

F-1, Titan, Atlas, Galileo,
Apollo, Minuteman,
Space Shuttle, etc.

Analyses and extensive
characterization/valida-
tion test programs.
Design modifications
(feed system, baffles,
acoustic cavities,
resonators, etc.} as
required

Exhaust plume
interference

All rockets

SATCOM, Voyager

More accurate analyses
and test to locate
thrusters in
safe/acceptable
orientation

Composite rocket nozzle
failure

Solid rocket motor
nozzles

PAM-D motors on
Waestar and Palapa

Better testing (more
comprehensive) and
better materials

Thruster instabilities
and thermal runaway

N204/MMH

Galileo, INTELSAT-VI,
MILSTAR, INSAT, Mars
Observer

More realistic test
characterization and
better design

Some Examples of Lessons Learned From Past
Spacecraft Propulsion System Problems (Continued)

Examples From

Problem System Type Past Programs Solution
Imp'roper operation on- |N20a/MMH INSAT-1A, INTELSAT- |More rigorous flight
orbit by ground VI, many other flight operations procedures

controllers leads to
failure

spacecraft

and controls

Component failures
on-orbit

N204/MMH, N2H4 , cold
gas, vaparizing NH3

Mariner, Viking, Ariane,
Centaur, Gemini, Apollo,
FLTSATCOM, etc.

Redundant components
with switching logic.
Simpler system design
with less components
{e.g., blowdown
pressurization)
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Near-Term and Future Spacecraft Propulsion
System Concerns

Future mission requirements
* Single mission versus reusable designs (space basing)

* More complex environmental requirements for reusable
systems-multiple launch and landings and space basing
requirements

* Longer life times-mission reliability

* Use of composite propellant and pressurant storage
vessels—fracture mechanics and determination of incipient failure
thresholds for space based and reusable systems

* Micrometeroid and orbital debris protection of pressure vessels
(space based reusable systems)

* Reliable nondestructive testing (NDE) on-orbit for space based
long-life systems

Near-Term and Future Spacecraft Propulsion
System Concerns (Continued)

Future mission requirements (continued)

* On-orbit repair and replacement including safe operations, logistics,
spares provisioning, etc. on orbit

* On-orbit refueling

* Health monitoring and automatic fault detection/isolation and
corrective action on orbit '

* Development of new and better materials, coatings, processes, etc.
Future environmental impact concerns

* Need to assess realistic hazard levels and environmental impacts of
earth storable propellants

* Relook at environmental impacts, life-cycle costs, and mission
performance tradeoffs between solids, earth storable, space

storable, and cryogenic propulsion systems for future spacecraft
propulsion systems
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Some Candidate Programs

Develop standards to resolve lingering and costly issues
identified in past lessons learned

Characterize and develop higher energy space storable
propulsion systems

Extensive life and margin mapping tests for new
development items

Develop space basing technologies
* On-orbit refueling
* Repair and refurbishment logistics
 Establish some reusability limits

Some Candidate Programs (Continued)

Develop high strength, light weight composite tanks

Develop advanced high temperature thrust chamber and
rotating machinery materials and coatings

Develop reliable simple on-orbit propellant gauging

Establish reliable repeatable on-orbit NDE techniques for
pressure vessels

945
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Concluding Remarks

Concentrate funding where it does the most good for solving
technology issues and the real hardware design problems

There really are plenty of lessons that have been learned
from past problems

Need to generate and provide better data base of past
lessons learned

More NASA-industry team work will help identify and
resolve the recurring problems

Earlier and more comprehensive test programs to resolve
recurring problems and address the newer requirements

946




N91-28243

PRESENTATION 4.2.7

HISTORICAL PROBLEM AREAS - LESSONS LEARNED

EXPENDABLE AND REUSABLE
VEHICLE PROPULSION SYSTEMS

STPSS PANEL ON DEVELOPMENT,
MANUFACTURING AND CERTIFICATION

June 25 - 29, 1990

Dale A. Fester
Martin Marietta Astronautics Group

MARTIN MARIETTA

Expendable Launch Vehicle Lessons Learned

 Avoid Single String Systems
» Design Must Be Inspectable

 Qual By Flight Usage Not Acceptable

- No Margin Demonstrated
- Must Qualify All Components to Needed Level
- Either Meet Specs or Change Specs

» Use All-Welded Feed Systems

- Maintenance of Cleanliness During Changeout
- Scavenging Components as Source of Spares
- Multiple Checking Wears Things Out
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Expendable Launch Vehicle Lessons Learned (concl)

- Dynamic Envelope Must Accommodate

- Stacking of Tolerances
- Deflections
- Margin

- Provide Needed Instrumentation
- Must Know Flight Environments for Every System

- Overall Systems Integrator Needed (Also Applies
to Reusable Systems)

- Interfaces Between independent Contractors
- Integrate 2 to 3 Sigma Parts

. Concerns

- Pogo Suppression
- Pyrotechnics Checkout
- Proper Circuit Testing

Upper Stage/Transfer Vehicle Lessons Learned

- Must Meet Safety Requirements

- Difficult for New Vehicle & Almost Impossible for Prior Design
ELV-Launched Vehicle

- Vehicle Really a Space-Operating LV

- Across Board Two Failure Tolerance May Not Be Reasonable

- Should Not Let Politics Drive Systems
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Shuttle Systems - Qynamics

« External Tank

- Propellant Dynamics During ET/Orbiter Separation for RTLS

- Required Low-g Drop Tower & KC-135 Testing

- RCS Orbiter Translation & Aerodynamic Forces Sufficient For
Separation

« External Tank

- Had Natural Convection Recirculation System
- Replaced With Bubbling Helium Up Feedline (Saved 400 Ibm)

~ « RCS Tanks

- Extensive Ground Development Program
(Element, Subsystem, System)
- Structural Fatigue and Flow Dynamics

- Vibration Testing
- Flow Spilitting In Multiple Paths
- Simuitaneous Thruster Firing

Shuttle Systéms - Reuse

. External Tank
- One of Best Performers Since Not Reused

- RCS Tanks (OMS Tanks)
- Specifically Developed for Orbiter

- Extensive Ground Development Program
(Element, Subsystem, System)

- Qualified for Full 100-Mission Life
- Included Structural Fatigue & Flow Dynamics Testing
- Excellent Reuse History

- N204 Flow Decay No Problem
- Use Proper Purity & Handling
- Follow Established Processes & Procedures

- Components
- Many Were Really Expendable Component Designs
- Others Were Exponential Extrapolations (e.g. SSME)
- Usually Not Qualified for Full Duration & Operating Environments
- Result: Rebuild Rather than Reliable Reuse
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HIGH PRESSURE OPERATION REDUCES WEIGHT, COST

3000 PSIA

2000 PSIA

1000 PSIA

600
CHAMBER i
PRESSURE
ATLAS SATURN V  SATURN V SSME
SECOND & FIRST ,

THIRD STAGE STAGE

Reusable System Issues & Lessons Learned

- Material Property Database Lacking for
Operational Environments
- Both Fatigue & Flow Life
- Data Was Extrapolated or Estimated
- Didn't Understand Reuse & Long Life
- Verification/Diagnostics Not Available

- Life Unknown

- Design to Life with Margin to Cover Unknowns
- Margin Must Include Degradation
- Debris
- Wear & Tear
- Atomic Oxygen
- Qualify for Full Duration
- Fleet Leader Concept Has Shortcomings
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Summary

« Need Materials Property Database
Covering Operational Environments

- Need Fault Tree
- Does Fix Ripple Through System & Cause Problem

. Need Accurate Lessons-Learned Database
(Must Transfer to Young Engineers)

. Two Major Issues Are Long Life & Reusability
- Need History & Diagnostics
- Technology Process Inadequate
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PRESENTATION 4.2.8
MANUFACTURING PROCESSES
COORDINATOR: PAUL MUNAFO NASA/MSFC
CONTRIBUTORS : JAY BENNET NASA/JSC
DAVID BROWER LOCKHEED/HOUSTON
STAN LEVINE NASA/LEeRC
RAY WALKER P&W/WEST PALM BEACH
JOHN WOOTEN ROCKWELL/ROCKETDYNE

MANUFACTURING PROCESSES

o PROCESS DEVELOPMENT FREQUENTLY LAGS BEHIND MATERIAL DEVELOPMENT
o  HIGH FABRICATION COSTS
o  FLEX JOINTS (BELLOWS) A CONTINUING PROGRAM
o  SRM FABRICATION-INDUCED DEFECTS
o IN-SPACE ASSEMBLY WILL REQUIRE SIMPLIFIED DESIGNS
PROPOSED ACTIONS/PROGRAMS
o FABRICATE ADVANCED COMPOSITE DEMO ARTICLE(S)
o  FABRICATE DEMO RCS THRUSTER USING IRIDIUM-COATED RHENIUM
o  NEAR-NET SHAPE FABRICATION
o SHART MANUFACTURING
o  DEVELOP NEW FLEX JOINT
o  RHEOLOGY STUDY OF SOLID PROPELLANT FLOW CHARACTERISTICS
o COVALENT BONDING PROCESS FOR INSULATOR/PROPELLANT

0. MANUFACTURE OF LARGE INTEGRATED COMPONENTS (MODULES)
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MAJOR OBJECTIVES

0 LARGE-SCALE DEMO ARTICLES

0 REDUCED FABRICATION COSTS

0 RELIABLE, EASY-TO-ASSEMBLY FLUID COUPLINGS
o IMPROVED SRM PROCESSING

0 MODULAR COMPONENTS

IMPROVED BELLOWS

JOINING TECHNIQUE FOR RHENIUM THRUSTERS
SIMPLIFIED COUPLINGS

NET-SHAPE HARDWARE DEMO

RHEOLOGY STUDY OF PROPELLANT CASTING
CERAMIC MATRIX COMPOSITE ROTOR
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MANUFACTURING PROCESSES
RECOMMENDATIONS/FINDINGS

0 ESTABLISH BROAD-BASED PEER GROUPS TO REVIEW TECHNOLOGY
DEVELOPMENT PROGRAMS

o

o

PROGRAM MANAGER AS FOCAL POINT

FELLOW TECHNOLOGISTS (M'F'G, MAT'LS, NDE)
USERS/DESIGNERS

GUIDE THE DEVELOPMENT PROCESS

INDEPENDENT TEAM FOR PROGRAMMATIC DECISIONS

FUNCTIONS THROUGHOUT PROGRAM -- FROM ADVOCACY TO
IMPLEMENTATION

MANUFACTURING PROCESSES
RECOMMENDATIONS/FINDINGS (CONT ‘D)

0 IMPLEMENT REVIEW/REPORTING SYSTEM SIMILAR TO THAT NOW
USED IN IR&D

0 CURRENT AND PLANNED PROGRAMS

0 STANDARD FORMAT

o

COULD REPLACE ANNUAL SYMPOSIA

0 INCORPORATE TECHNOLOGY TRANSFER INTO DEVELOPMENT PLAN
FOR IMPROVED EQUIPMENT

n
~

o

WOULD PROVIDE "PEER" SUPPORT FOR CONTINUED DEVELOPMENT

WOULD ASSURE CONSISTENCY BETWEEN DEVELOPED EQUIPMENT
AND USER NEEDS

WOULD PROVIDE FOR ORDERLY, PLANNED TRANSFER OF

RESPONSIBILITY FROM DEVELOPER TO USER
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MANUFACTURING PROCESSES
RECOMMENDATIONS/FINDINGS (CONT ‘D)

0 HARDWARE DEMONSTRATION PROGRAMS SHOULD BE PERFORMED
FOR COMPOSITES

0 SHOULD NOT STOP AT THE COUPON LEVEL
o "PHASE 2 OFTEN NOT FUNDED"

o DEMO ARTICLES SHOULD BE USED FOR PROPERTY
DETERMINATION

o INVOLVE PROPULSION/DESIGN ELEMENTS

0 PROPULSION SYSTEMS FOR IN-SPACE ASSEMBLY SHOULD BE
DESIGNED TO MINIMIZE COMPLEX OPERATIONS

o MODULAR DESIGN
o EASY-TO-ASSEMBLE COUPLINGS

FABRICATE ADVANCED COMPOSITE DEMOS

( Issues ) ( MAJOR OBJIECTIVES )

o Full-scale fabrication not demonstrated for © Full scale demo articles for advanced
advanced ocomposites. compostites.

© Properties obtained from coupons not © Component tests.
representative.

© Destructive evaluation of mechanical
properties.

CCAuoann PROGRANS ) Gmuxrxcmr Nu:srouza

© Soreen and matoh materials/components. © Soreen and matoch: 1991-1992
© Subscale feasibility tests. 0 8eleot demo articles: 1993
© Belect demo article ocontiguration(s). o Build and test: 1996 —-

© Build and test demo articles.

© Destructive evaluation.

956




FABRICATION OF RCS THRUSTERS

C Issues ) [ MAJOR OBIECTIVES )

o Advanced (optimised) thrusters require material | o Develop joining techniques for rhenius
ocombinations whioh ocurrently can not be welded. thrusters.

C CANDIDATE PROGRAMS ) C SCHEDULE )

o Belect candidate materials to join to rhenium. o Material selecton: 1991

© Select candidate joining processes. © Process selection: 1991

© Fabricate and evaluate samples. © Sample fabrication/evaluation: 1992

° rrcu-t;: findings to hardware fabriocation o Mardware appliocations: 1993
program.

NEAR-NET SHAPE FABRICATION PROCESSES

C Issues ) [ MAJOR OBIECTIVES )

o Nigh tabrication ocosts for complex components. o State-of-the-art of near-net shape formiag
processes.

o Choose most promising applications.
o Demonstration tests.

© Technology transfer.

C CANDIDATE PROGRANMS ) ( SCHEDULE )

o Literature survey. o Literature survey: 1991-1992
© Prioritise g;ggidggq procasses and applications.| o Fabrication experiments: 1992-1993
© Conduot/evaluate fabrication requireaents. © Demonstration tests: 1993-199%4

© Pabricate and test component. o Program implementations: 1994 — =
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SMART MANUFACTURING TECHNOLOGY

.
-

IssuEes

)

© Kigh rabrication costs for Low-Volume-Components.

MAJOR OBJECTIVES :)

© Cost-effective manufacturing in a low-volume
production environment.

O Analytically-based process development.

© Rapid transition from laboratory to
manufacturing.

[

CANDIDATE PROGRAMS :)

© Computer simulation of manufacturing processes.
© Material processing data base.

© Process control utilising process sensor

teochnology.
Standardisation of computer language.

Rapid prototyping by stereolithography.

Flexible processing cells.

SCHEDULE

[
N

)

© Identify near-term applications:

1992
© 8RM, ALS, External Tank applications: 1992-—

o BEI: Long term

MODULAR ASSEMBLY

IssuEs

< )

© Frequent flex joint (bellows) problems.

© Current manufacturing procedures too complex
for in-space assembly.

MaJoRrR 0BJECTIVES :)

© High-reliability flex joints.
© Modular components.

o Simple-to-assemble couplings.

4 CANDIDATE Paocanns‘j)

© Improved bellows fabrication.
© Design/Test snap-together couplings.

© Nanufaoture of large integrated
components (modules),

/
N

SCHEDULE

)

© Bellows fabrication optimized: 1993
© 8implified couplings: 1994
© Damo modular components: Long term
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N91-28245

PRESENTATION 4.2.9
MATERIALS SUB-PANEL

DAVID PIPPEN - COORDINATOR
NASA - WHITE SANOS

BIL BHAT
NASA - MARSHALL

BRAD COWLES .
PRATT & WHITNEY

* 0B DRESHFIELD
NASA - LEWIS

808 JEWETT
ROCKETDYNE

* PRESENTOR

MATERIALS
GENERAL ISSUES

® UNIQUE OPERATING/ STORAGE ENVIRONMENTS
VERY HIGH TEMPERATURE GRADIENTS
ULTRA-HIGH TEMPERATURE (NUCLEAR)
HYDROGEN, OXYGEN, VACUUM, OTHERS

® ADAPT EXISTING MATERIALS/ DEVELOP ROCKET MATERIALS
VERY FEW "ROCKET" UNIQUE MATERIALS DEVELOPED
DESIGN COMPROMISE VS COST AND SCHEDULE

® LONG LEAD TIME FOR NEW MATERIALS
7 - 15 YEARS FROM LAB IDENTIFICATION

e HIGH COST
DEVELOPMENT COSTS
SMALL MARKET
e INTEGRATION OF MATERIALS DEVELOPMENT AND MANUFACTURING
TECHNOLOGY

@ AVAILABILITY OF MATERIALS DATA
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MATERIALS

TECHNICAL ISSUES

MATERIALS CHARACTERIZATION FOR OPERATING AND STORAGE ENVIRONMENTS
® PROPELLENTS, COMBUSTION GASSES
® SPACE :
® LUNAR, MARS, OTHER '

ADVANCED MATERIALS DEVELOPMENT
® COMBUSTOA
© TURBINE
©® BEARINGS
® ULTRA~HIGH TEMPERATURES (NUCLEAR)
® HIGH SPECIFIC STRENGTH/ STIFFNESS
® ELECTRICALLY CONDUCTIVE POLYMERS

AVAILABILITY AND DISSEMINATION OF MATERIALS PROPERTIES
® DATA BASE

ADVANCED MATERIALS TEST FACILITIES

FIRE HAZARDS
® IGNITION, COMUSTION
® DETECTION
©® EXTINGUISHMENT

PROPELLENTS
® GELS
® SOLIDS

MATERIALS
MAJOR OBJECTIVES

MATERIALS CHARACTERIZATION
® COMPOSITES

® OPERATING AND STORAGE ENVIRONMENTS

® TEST AND EVALUATION TECHNOLOGIES

® ADVANCED FACILITIES

ADVANCED MATERIALS DEVELOPMENT

® COMPOSITES

® ENVIRONMENTALLY RESISTANT MATERIALS

® ELECTRICALLY CONDUCTIVE POLYMERICS

MATERIALS DATA BASE DEVELOPMENT/ MAINTENANCE
® PHYSICAL PROPERTIES

® MECHANICAL PROPERTIES

® ENVIRONMENTAL EFFECTS
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MATERIALS

CANDIDATE PROGRAMS

MATERIALS CHARACTERIZATION
® COMPOSITES
" % METALLIC MATRIX
* INTERMETALLIC MATRIX
* CERAMIC MATAIX
* POLYMERIC MATRIX
® ENVIRIONMENTAL BEHAVIOR

ADVANCED MATERIALS DEVEOPMENT

® COMPOSITES
* SHAFTS
* THRUST CHAMBER LINER
* HOUSINGS
* TURBINE BLADES, VANES
* IMPELLERS
* CASES .

® BEARINGS

® ULTRA-HIGH TEMPERATURE MATERIAL SYSTEMS

AEROSPACE MATERIALS DATA BASE
® PHYSICAL, MECHANICAL PROPERTIES
@ ENVIRONMENTAL BEHAVIOR

MATERIALS
R S S T
HYDRDSEN TEBT STANARDITATION 1
wonoeen messivaey auov |
TAADS MTBUAL |
DaTA sase .
wact arecs ]
L Ti-sase coessite ]
L AIVANCED Ti-SASE COWATINLE FIBER ]
[ wTeen TUBne B ]
L CovssITe Burt 1
L HISAIO COPORITE STSTEN ]
( CROUCTIVE P CASE 1
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PRESENTATION 4.2.10

SPACE TRANSPORTATION PROPULSION SYSTEMS SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL

NONDESTRUCTIVE EVALUATION SUB-PANEL MEMBERS

ALEX VARY, LEWIS RESEARCH CENTER, COORDINATOR

GEORGE BAAKLINI, LEWIS RESEARCH CENTER, CONTRIBUTOR
JOSEPH HEYMAN, LANGLEY RESEARCH CENTER, CONTRIBUTOR
ERIC MADARAS, LANGLEY RESEARCH CENTER, CONTRIBUTOR
CHARLES SALKOWSKI, JOHNSON SPACE CENTER, CONTRIBUTOR
BERT WESTON, PRATT & WHITNEY AIRCRAFT, CONTRIBUTOR

KEN WOODIS, MARSHALL SPACE FLIGHT CENTER, CONTRIBUTOR

SPACE TRANSPORTATION PROPULSION SYSTEMS SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL
NONDESTRUCTIVE EVALUATION (NDE) SUB-PANEL
OVERALL GOALS

MEET THE CHALLENGES OF ADVANCED SPACE PROPULSION WITH INNOVATIVE NDE CONCEPTS
INCORPORATE NDE IN MATERIALS DEVELOPMENT. TESTING, AND COMPONENT DESIGN/ANALYSIS
ASSURE HIGHEST POSSIBLE QUALITY BY IN-PROCESS MONITORING OF MANUFACTURING STAGES
DEVELOP TECHNIOUES FOR VERIFICATION OF FAULT-TOLERANCE OF CRITICAL COMPONENTS
UTILIZE IN-SITU NDE FOR DETERMINING ON-ORBIT, IN-FLIGHT SERVICE REQUIREMENTS
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MAJOR NASA PROGRAMS REQUIRING NDE

O . HIGHTEMP
O NASP
o HSCT
O RSRM
O ASRM
o ALS
O SSME
o SSF
o EOS
o GCTI

o SEI

HIGH TEMPERATURE MATERIALS INITIATIVE
NATIONAL AEROSPACE PLANE

HIGH SPEED CIVIL TRANSPORT

REUSABLE SOLID ROCKET MOTORS

ADVANCE SOLID ROCKET MOTORS

ADVANCED LAUNCH SYSTEMS

SHUTTLE MAIN ENGINE

SPACE STATION FREEDOM

EARTH OBSERVATIONAL SATELLITES
GLOBAL CHANGE TECHNOLOGY INITIATIVE

SPACE EXPLORATION INITIATIVE

SPACE TRANSPORTATION PROPULSION SYSTEMS SYMPOSIUM

DEVELOPMENT, MANUFACTURING, AND CERTIFICATION PANEL

NONDESTRUCTIVE EVALUATION (NDE) SUB-PANEL

MAIN ISSUES

o MATERIALS CHARACTERIZATION

o REDUCTION OF MANUFACTURING DEFECTS

o STANDARDS AND CERTIFICATION

o ADVANCED NDE TECHNIQUES

o DESIGNING FOR INSPECTABILITY
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o]

STPSS NONDESTRUCTIVE EVALUATION (NDE) SUB-PANEL
MATERIALS CHARACTERIZATION - ISSUES

NONDESTRUCTIVE ASSESSMENT AND VERIFICATION OF PHYSICAL AND MECHANICAL PROPERTIES
NONDESTRUCTIVE ASSESSMENT OF DAMAGE ACCUMULATION AND DEGRADATION OF PROPERTIES

INCORPORATION OF NOE INFORMATION IN CONSTITUTIVE MODELLING AND PERFORMANCE PREDICTION
MATERIALS CHARACTERIZATION - OBJECTIVES

ESTABLISH CORRELATIONS/THEORY, CAPABILITIES AND LIMITATIONS OF NDE TECHNIQUES
METHODS FOR EVALUATING/VERIFYING BOND QUALITY/INTEGRITY, COHESIVE/ADHESIVE STRENGTH
DETERMINATION OF SUSCEPTIBILITY TO AND EMBRITTLEMENT BY EXPOSURE TO HYDROGEN

ENHANCEMENT OF FRACTURE ANALYSIS AND CONSTITUTIVE MODELLING PERFORMANCE PREDICTIONS

STPSS NONDESTRUCTIVE EVALUATION (NDE) SUB-PANEL
REDUCTION OF MANUFACTURING DEFECTS - ISSUES

APPLY NDE METHODS TO AUGMENT MATERIALS DEVELOPMENT AND PROCESSING RESEARCH

DEVELOP NDE METHODS FOR IMPROVING PROCESSING AND FABRICATION OF NEW MATERIALS
REDUCTION OF MANUFACTURING DEFECTS - OBJECTIVES

EVOLVE, CALIBRATE, APPLY NDE TECHNOLOGY FOR DEFECT CHARACTERIZATION IN PROCESS CONTROL
UTILIZE NDE INFORMATION TO DETERMINE DETRIMENTAL PROCESSING/FABRICATION PARAMETERS
ENHANCE ACCEPTANCE AND RELIABILITY OF NEW MATERIAL SYSTEMS, E.G., ADVANCED COMPOSITES
ENHANCE ACCEPTANCE AND RELIABILITY OF ADVANCED ALLOY PROCESSING AND JOINING METHODS
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STPSS NONDESTRUCTIVE EVALUATION (NDE) SUB-PANEL
STANDARDS AND CERTIFICATION - ISSUES

DEVELOPMENT OF CALIBRATION METHODS AND STANDARD PROCEDURES FOR NEW MATERIALS
DEVELOPMENT OF COMPREHENSIVE DATA BASE FOR PROBABILITY-OF-DETECTION STATISTICS

DEVELOPMENT OF PERSONNEL TRAINING AND AUTOMATED/ROBOTIC INSPECTION/ASSESSMENT METHODS
STANDARDS AND CERTIFICATION - OBJECTIVES

CONSISTENT STANDARDS FOR NDE EQUIPMENT/METHOD CERTIFICATION AND CALIBRATION
CORRECT INTERPRETATION, ENHANCED PRECISION, AND CORRECT PREDICTIONS FROM NDE DATA
IHPROVED'PROBABILISTIC APPROACHES IN CONCORDANCE WITH PROBABILISTIC FRACTURE ANALYSIS

ACCOMMODATION OF UNIQUE/COMPLEX COMPONENT CONFIGURATIONS AND INTERNAL ARCHITECTURES

STPSS NONDESTRUCTIVE EVALUATION (NDE) SUB-PANEL
ADVANCED NDE TECHNIQUES - ISSUES

INTERMITTENT/CONTINUOUS HEALTH/DEGRADATION HdNITORING OF MATERIALS/STRUCTURES
HEALTH/DEGRADATION MONITORING IN HIGH-TEMPERATURE, HOSTILE SERVICE ENVIRONMENTS

SPECIAL INSPECTION/MONITORING NEEDS FOR NUCLEAR PROPULSION AND ENERGY CONVERSION
ADVANCE NDE TECHNIQUES - OBJECTIVES

CONCEPTION/DEVELOPMENT OF SMART MATERIALS/STRUCTURE WITH IMPLANTED PROBES/SENSORS
IN-SITU MONITORING OF IMPACT RESPONSE, SERVICE DEGRADATION OF CRITICAL STRUCTURES
REAL-TIME MONITORING OF TEST-BED AND IN-SERVICE ENGINE FIRINGS AND OPERATION

ANTICIPATE AND REDUCE RISKS OF LEAKS, CONTAMINATION, EXPLOSION, RADIATION HAZARDS
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STPSS NONDESTRUCTIVE EVALUATION (NDE) SUB-PANEL
'DESIGNING FOR INSPECTABITY - ISSUES

ANTICIPATION OF NDE REQUIREMENTS IN COMPONENT DESIGN FOR ENHANCED INSPECTABILITY
DESIGN MODIFICATIONS FOR INCORPORATION OR RETROFITTING OF NDE INSTRUMENTATION

INTEGRATION OF NDE PROBES, SENSORS, OR INDICATORS IN MATERIALS AND COMPONENTS

DESIGNING FOR INSPECTABILITY - OBJECTIVES

ASSURE ACCESS TO CRITICAL REGIONS FOR FLAW DETECTION AND HEALTH MONITORING
ASSURE PRECISE MATERIAL PROPERTIES VERIFICATION AND DEGRADATION/DAMAGE ASSESSMENT

CONFIRM INTERNAL MATERIAL CONDITIONS ASSUMED IN FRACTURE AND CONSTITUTIVE MODELS

STPSS NONDESTRUCTIVE EVALUATION (NDE) SUB-PANEL
CANDIDATE PROGRAMS/MILESTONES

MATERIALS CHARACTERIZATION TECHNIQUES FOR HIiEHE CERAMIC AND METAL MATRIX COMPOSITES
CONSTITUTIVE MODELING, COMPONENT DESIGN, AND LIFE PREDICTION USING ADVANCED NOE METHODS
COMPREHENSIVE CALIBRATION STANDARDS AND PROBABILITY-OF-DETECTION FOR NEW MATERIALS
IMPLANTED SENSOR AND DESIGN-FOR-INSPECTABILITY ENHANCEMENT/RETROFITTING TECHNOLOGY
QUANTITATIVE ASSESSMENT OF BOND STRENGTH IN ADHESIVE JOINTS, E.G., ASRM, RSRM CASES
ASSESSMENT OF SUSCEPTIBILITY AND HYDROGEN EMBRITTLEMENT IN SSME AND SSF POWER MODULES
WELD PROCESS CONTROL AND INSPECTION FOR CRITICAL POWER AND PROPULSION SYSTEM COMPONENTS
INSPECTION FOR FILAMENT-WOUND AND THIN-WALL PRESSURE VESSELS, E.G., SSE, EOS. ALS, HSCY
ADVANCED METHODS FOR DEGRADATION ASSESSMENT: CHEMICAL, THERMAL, AND MECHANICAL
METHODS FOR MONITORING PROPULSION AND AERODYNAMIC COMPONENTS AT EXTREME TEMPERATURES
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STPSS NONDESTRUCTIVE EVALUATION (NDE) SUB-PANEL
CANDIDATE PROGRAMS/MILESTONES

O PROGRAMS/MILESTONES UNIQUE TO SOLID PROPULSION
+ PROPELLANT AGING INSPECTION, PROPELLANT DEFECTS, IGNITER INTEGRITY
+ CASE-LINER-PROPELLANT BONDLINE INTEGRITY, ADHESIVE STRENGTH MEASUREMENTS
« ADVANCED COMPOSITE STRUCTURAL HATERiALS INSPECTION
+ REAL-TIME INSULATION CHARACTERIZATION AND EROSION MONITORING
« CASE IMPACT DAMAGE ASSESSMENT, METAL/COMPOSITE CASE INTEGRITY/DAMAGE
+ RESIDUAL STRESS MEASUREMENTS: IN METALLIC/COMPOSITE STRUCTURES, BONDLINES

+ SPECIFIC METHODS FOR CRITICAL FASTENERS, O-RINGS, NOZZLES, EXIT CONES

STPSS NONDESTRUCTIVE EVALUATION (NDE) SUB-PANEL
CANDIDATE PROGRAMS/MILESTONES

O PROGRAMS/MILESTONES UNIQUE TO LIQUID PROPULSION
+ INJECTOR/MANIFOLD ASSEMBLY, COOLING PASSAGE, TURBOMACHINERY INTEGRITY
+ THERMAL PROTECTION SYSTEM BOND INTEGRITY
+ STRESS CORROSION CRACKING, LEAK CHECKING, AND HYDROGEN EMBRITTLEMENT
+ TANKAGE, WELDS, AND BRAZED JOINTS FLAWS/INTEGRITY (THIN WALLED STRUCTURES)
+ RESIDUAL MOISTURE IN ENGINE COMPONENTS, VALVE CONTAMINATION
+ COATED SUBSTRATES: CERAMIC COATED TURBINE BLADES, COPPER/GOLD PLATINGS
+ DATABASE ON CORRELATION BETWEEN ACTUAL AND PREDICTED WELD DEFECTS/CRITICALITY
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STPSS NONDESTRUCTIVE EVALUATION (NDE) SUB-PANEL
CANDIDATE PROGRAMS/MILESTONES

O GENERAL PROGRAMS/MILESTONES FOR SPACE SYSTEHS

DEFINITION OF SPECIFIC/UNIQUE ON-ORBIT, IN-SPACE, EXTRATERRESTRIAL NDE NEEDS
« DELINEATION BETWEEN ON-ORBIT AND SAMPLE RETURN FOR TERRESTRIAL INSPECTIONS

« ON-ORBIT, IN-SPACE HEALTH MONITORING OF ENGINE/MOTOR/PROPULSION COMPONENTS

+ ON-ORBIT NDE TOOL KITS, ROBOTIC/AUTOMATED NDE, ASTRONAUT NDE SPECIALISTS

« APPLICATIONS OF SMART MATERIALS, IMPLANTED SENSORS, AUTONOMOUS EXPERT SYSTEMS
+ DATABASE FOR NDE POD STATISTICS, STANDARDS/METHODS FOR 90/95 DETECTION

»° CALIBRATION STANDARDS, INSPECTOR/SUPPLIER CERTIFICATION, EDUCATION/TRAINING

» INSITU MONITORING/FEEDBACK DURING PROCESSING, FABRICATION, FLIGHT OPERATION

STPSS NONDESTRUCTIVE EVALUATION (NDE) SUB-PANEL

NDE TECHNOLOGY POTENTIALS

O ULTRASONIC METHODS FOR CHARACTERIZING HICROSfRUCTURE AND MECHANICAL STRENGTH/MODULI
o COMPUTED TOMOGRAPHY FOR INTERNAL ARCHITECTURE AND INPUT TO PERFORMANCE/LIFE ANALYSIS
o PIEZO-FIBER, FIBER-OPTICS, ELECTRO-FILMS FOR SMART MATERIALS AND INSITU EVALUATIONS
O ULTRASONIC AND MULTIPARAMETER NEURAL NETWORKS FOR EVALUATING BONDED JOINT STRENGTH
O ELECTROMAGNETIC AND ULTRASONIC METHODS FOR HYDROGEN AND ENVIRONMENTAL EMBRITTLEMENT
O MICROFOCUS RADIOGRAPHY, ACOUSTIC MICROSCOPY, HOLOINTERFEROMETRY FOR WELD INSPECTION
O SCANNING LASER SPECTROSCOPY, THERMOMICROSCOPY FOR SURFACE CONTAMINATION/DEGRADATION

O ACOUSTIC EMISSION AND LASER ULTRASONICS FOR MONITORING HEALTH OF PROPULSION SYSTEMS

O MULTIPARAMETER ANALYTICAL NDE METHODS FOR PROCESS CONTROL AND MATERIALS CERTIFICATION

971



N91-2824%

PRESENTATION 4.2.11
CONCURRENT ENGINEERING

C. C. CHAMIS
NASA Lewis Research Center
Clevelana, Ohio

Prepared For The
Space Transportation Propulsion Technology Symposium
-Penn State University, June 25-29, 1990

CONCURRENT ENGINEERING

COORDINATOR: C. CHAMIS NASA-LERC
' CLEVELAND, OHIO

CONTRIBUTORS: L. LEGER NASA-JSC
HOUSTON, TEXAS

D. HUNTER UTC-P&W
WEST PALM BEACH, FLORIDA

C. JONES NASA-MSFC
HUNTSVILLE, ALABAMA

R. SPRAGUE GENERAL ELECTRIC
EVENDALE, OHIO

L. BERKE NASA-LERC

CLEVELAND, OHIO

J. NEWELL ROCKWELL INT'L, ROCKETDYNE
CANOGA PARK, CALIFORNIA

S. SINGHAL SVERDRUP TECHNOLOGY
BROOK PARK, OHIO
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PRESENTATION OUTLINE

ISSUES

® STATE-OF-THE-ART

¢ NEEDS IDENTIFIED

PROPOSED PROGRAM

SUMMARY

ISSUES

FROM MISSION REQUIREMENTS TO SYSTEM IN-SERVICE DEVELOPMENT CYCLE IS:
* INADEQUATE FOR SIMULTANEOUS INTERACTION AMONG PARTCIPATING DISC‘IPLINES.
* INFLEXIBLE FOR ADAPTING TECHNOLOGY ADVANCEMENTS INTO A DISCIPLINE.
* BASED ON AD-HOC REVISIONS, TO RESOLVE CONTINUOUSLY SURFACING PROBLEMS.
* TIME CONSUMING.

* COSTLY OVER THE TOTAL SYSTEM DEVELOPMENT CYCLE.

* RELIANT ON EXTENSIVE COMPONENT TESTING FOR VERIFICATION AND
SIMULATED PROOF TESTING FOR SYSTEM VERIFICATION.
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LIQUID ROCKET PROPULSION

CURRENT DEVELOPMENT APPROACH

INTERPOLATION/
EXTRAPOLATION OF
AVAILABLE e _
ENGINE QUALITATIVE
TESTING/FLIGHTS __ JUDGEMENTS
- DEMONSTRATED LIFE
- ENGINNEERING - FLEET LEADER - RISK & COST
__ANALYSIS - TIME OR GYCLE LIFE * FLIGHTS
FAB & TEST . UNDERLYING - GROUND TEST
* F.S. & LIFE
RELIABILITY
ADDED ADDED
CONFIDENCE CONFIDENCE
PRELIMINARY SUBCOMPONENT SIMULATED ASSEMBLED PROOF
.|| COMPONENT||—|| SYSTEM |-~ TESTING FOR
DESIGN TESTING TESTING TESTING CERTFICATION
| 5-YEAR MINIMUM
[
LIQUID ROCKET PROPULSION
CURRENT CERTIFICATION PROCESS
GOAL: QUANTIFIED DECISION PROCESS FOR RISK & COST BASED ON TOTAL PROCESS
CONTRACT
REQUIREMENTS/ |—»| DESIGN/ANALYSIS|—=] MANUFACTURING ‘;’;’;‘TP ONENT DEVELOPMENT
SPECIFICATIONS ™ - LAB ———={  SYSTEMTESTS
- : - MEASUREMENTS
HOT FIRE - CERTIFICATION
- RELABIITY . DESIGN REVIEWS| | | - PROCESS [TESTING
- SYSTEM - AUDITING CONTROL
- CONTROL - STRUCTURAL . Q¢ .STRANGAGES L _ ._.__ _ .
- FUNCTION - ETC. - PROOF . ACCELS l
- STRUCTURAL TESTS . PROBES
- INSIP - LOTTESTS
. DVS - INSPECTIONS ANOMILIES
S & RESOLUTIONS
) .
SUPPORT ACCEPTANCE . FUGHTS
- MATERIALS TESTS - PLANNED
- TESTING _ - ABORTS
* FAB . COMPONENT T T
* ETC. (T/P) GREEN
RUNS -
* ENGINE — ! I COMPONENT
INSPECTIONS REPLACEMENT
B REQUIREMENTS
t -]

- INSPECTIONS
- HARDWARE
STUDIES

___:ﬁzrunmsnmem ].__.- )
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COSTS OF ENGINEERING CHANGES

RELATIVE COSTS OF INCONPORATING CHANGES OURING TIIE
LIFE CYCLE

140

120

RELATIVE COSTS OF
FIXING A PROBLEM

Design  SubAssembly  Assembly uw System Test Freld
. ChechOut and Options
Cvalvakon

PROOUCT DEVELOPMENT STAGES

CONCURRENT ENGINEERING: STATE-OF-THE-ART

* MISSION REQUIREMENTS IDENTIFY PARTICIPATING ENGINEERING DISCIPLINES AND
RESPECTIVE TASKS.

* EACH DISCIPLINE PERFORMS RESPECTIVE TASK INDEPENDENTLY, OFTEN LEAVING
CONTRADICTORY SET OF REQUIREMENTS FOR DIFFERENT DISCIPLINES UNRESOLVED.

* OVERLAPPING DISCIPLINES INTERACT ON AS-NEEDED BASIS TO ASSESS COMPATIBILITY
WITH EACH OTHER.

* ITERATIONS AMONG PARTICIPATING DISCIPLINES ARE USUALLY KEPT TO A MINIMUM,.

* INTERFACING ANOMALIES ARE IRONED OUT DURING FABRICATION AND VERIFICATION
TESTING. :

* MODIFICATIONS TO REMEDY SHORTCOMINGS IDENTIFIED DURING OPERATIONS ARE
DIRECTED TO AND RESOLVED BY SELECT DISCIPLINES ONLY.

* IMPACT OF REVISIONS ON OTHER DISCIPLINES IS NOT GIVEN DUE CONSIDERAT, 1ONS,
INCREASING IMBALANCE IN THE DESIGN,
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DICE - DARPA INITIATIVE
(ON-GOING PROGRAM - GE PRIME WITH U OF WEST VIRGINIA)

. ’ . . . [q]
{ ] | { | - N
R&D 1l 2% W% y
‘ 22 \32 \2
! 37 \3% 3
Ak | S\ F \
, 3, [
DICE — Design | | [

Information \
Management 'ﬁ k N Sﬁ N N \ )’1
System | : l

NS

| Support

A
| | ' 1

N T T A
P
progressive refinement

—~—v—rihidoh pr 2 P RY
== i i

57071 DICE Communicaion Channel S5 %y Se i S i |
<4~ USERS ——

Detign

Tools
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ENGINEERING MFG QUALITY
DESIGN PRQDUCIBILITY ASSURANCE

CUSTOMER

PRODUCT
AND
PROCESS
DEFINITION

PLARNING MAINTAIN- QUALITY ‘
TOOLING ABILITY '

SPANTIME |

TEAM WORK cost |

CONCURRENT ENGINEERING

WROC/MT
Concurrent Engineering Otfice
Integration Technology Div
Other WRDC Dlrectorates
and Laboratorles

DoD CALS Otfice

ASD/EN
Product Assurance Oflice

U.S. Army
(Pentagon & Tank Command

tiuman Resources Loab
{WPAFB)

Alr Stolf LE-RD
The Pentagon

Natlonal institute for
Standards & Technology
(NIST)

KEY GOVERNMENT PARTICIPANTS
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Types of Projects

[77)7777727777 7 7 2
7/6.4 Engineering Development (Weapon Sys Concept or Dem/Val) Y Product “
. Divislons [
Lessons Support Lessons —
Learned Tools Learned

Requirements

Support
Tools

B83 Advanced De ot Pi1 , 170 ' "‘ Support CE
. ced Development Pllot Projects (Potentlal 7.8 cofunding)
- ALl . : - . ; . . L Implementation
1
.“I

fFY 90 91 92 93 94 95 ’ 96

Concurrent Engineering Project Development Strategy

. CHANGE THE CULTURE - A WAY OF LIFE

« COMMIT FULLY TO AFSC'S POLICIES AND GOALS
« KNOW AND SATISFY OUR CUSTOMER'S NEEDS

- DELEGATE RESPONSIBILITY AND AUTHORITY - ACCEPT ACCOUNTABILITY
- GIVE EVERYONE A STAKE IN THE OUTCOME

+ SET GOALS, COMPETE, MEASURE PROGRESS, AND REWARD

« CREATE A CLIMATE OF PRIDE, PROFESSIONALISM, EXCELLENCE AND
TRUST

+ STRIVE FOR CONTINUOUS IMPROVEMENT - MAKE IT BETTER

ASD TOTAL QUALITY MANAGEMENT PRINCIPLES
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+ AN ATTITUDE CHANGE PRIOR TO AN ACTION CHANGE

« A CONSCIOUS EFFORT TO IMPROVE THE WAY WE DO BUSINESS

« A METHOD OF CORRECTING ERRORS AND PREVENTING THEM

A STREAMLINING EFFORT TO DO AWAY WITH UNNECESSARY PROCESSES,

PROCEDURES, AND BUREAUCRACIES; AND LEAVE TIME TO DO WHAT IS
IMPORTANT PHOPERLY

« ATOOL TO BE USED BY THE PEOPLE TO MAKE ASD THE BEST AT WHAT WE
DO, AND KKEP US THERE (CONTINUAL IMPROVEMENT)

ASD VIEW OF TOTAL QUALITY MANAGEMENT

ON-GOING RELATED ACTIVITIES AT
NASA LEWIS RESEARCH CENTER

* NPSS - NUMERICAL PROPULSION SYSTEM SIMULATOR

* ESCS - ENGINE STRUCTURES COMPUTATIONAL SIMULATOR
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National Asronautics snd

Coms Rossarch Conter INTERDISCIPLINARY TECHNOLOGY OFFICE =~ INNSN\

NUMERICAL PROPULSION SYSTEM

VALIDATED MODELS ) AAPID COMPUTATION

: WITH KNOWN

R MECHANICS ACCURACY FOR

+ COMBUSTION 77< —— « PERFORMANCE

« STRUCTURAL N.P.S.S. « STABILITY
MECHANICS INTEGRATED INTERDISCIPLINARY « DURABILITY

MATERIALS T ANALYSIS AND ASSESSMENT OF e

+ CONTROLS PROPULSION SYSTEMS

+~AEROELASTICITY Z ——

HIGH PERFORMANCE COMPUTING
» PARALLEL PROCESSING

+ EXPERT SYSTEMS

+ INTERACTIVE 3-D GRAPHICS

+ NETWORKS

* DATA BASE MANAGEMENT SYSTEMS
+ AUTOMATED VIDEO DISPLAYS

A NUMERICAL TEST CELL
FOR AEROSPACE PROPULSION SYSTEMS

E‘?Ii'“ﬂ*&": INTERDISCIPLINARY TECHNOLOGY OFFICE NNASA
M
NUMERICAL PROPULSION SYSTEM

SIMULATION INTEGRATION

8
1
USER INTERFACE
NPSS UTILITIES
INTEGRATION CAPABILITIES
/ | N
DISCIPLINES COMPONENTS COMPUTING
N
—_— 4 %_—
INCREASED 7K 7z K] ; 7KK
FIDELITY i 1B {
\

——— SYSTEM SIMULATION CAPABILITY
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ENGINE STRUCTURES COMPUTATIONAL SIMULATOR (ESCS)
SIMULATION PROGRESSION DIAGRAM

MISSION
DEFINITION

EXPERT SYSTEM . TRIAL
INTERROGATION CONFIGURATION
/ \
v—-—»
-
PERFORMANCE MATERIAL
AND CONSTRAINTS GEOMETRY CANDIDATES
GAS DYNAMIC STRUCTURAL
ANALYZERS }' MODEL
[}
STRUCTURAL
[__erriciency ] [ roans }—— ANALYZERS
TAILORING DURABILITY
MODULES INTEGRITY
] RELIABILITY
]
UPDATE TAILORED DISPLAY
CONFIGURATION <—®<— STRUCTURE —>®‘> TAILORED
OPTIMUM? STRUCTURE

oy

ESCS SAMPLE RESULTS FOR FLIGHT MISSION SIMULATION

AT
LEADING
EDGE TIP
RADIAL

DISPLACEMENT
(inch)

—

-

N7

THRUST
TAKE OFF REVERSAL
CRUISE
CLIMB
LAND
APPROACH
LEADING EDGE
TIP—— _
GROUND IDLE O GROUND IDLE
DESCEND
| | |O SHUT-OFF |
8 12 16 20x103

ELAPSED FLIGHT TIME, sec
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NEEDS IDENTIFIED |
FOR COMPUTATIONAL SIMULATION OF CONCURRENT ENGINEERING

* NEED TO DEVELOP COUPLED MULTI-DISCIPLINARY SOFTWARE SYSTEMS FOR SIMULTANEOUS
INTERACTION AMONG PARTCIPATING DISCIPLINES THROUGH DISCIPLINE-SPECIFIC WORK
STATIONS.

* NEED TO DEVELOP AUTOMATED COMMUNICATION LINKS TO INITIATE AND CARRY ACTIVITY
IN EACH DISCIPLINE TASK SIMULTANEOUSLY, ALLOWING UNINTERRUPTED INTERACTION AND
FEEDBACK BETWEEN TASKS. '

* NEED TO DEVELOP SMART NEURAL NETS FOR INFORMATION PROCESSING WITHIN THE
DATA BASE AND COMMUNICATION LINKS FROM/TO THE DISCIPLINE TASK.

* NEED TO DEVELOP ADAPTIVE METHODS TO CONTINUOUSLY UPGRADE THE DATA BASE FOR
UPDATES IN EACH DISCIPLINE TASK AS WELL AS FOR NEW TECHNOLOGIES/MATERIALS/OTHER
RELEVENT INVENTIONS.

* NEED TO DEVELOP ZOOMING METHODS TO QUICKLY AND AUTOMATICALLY FOCUS ON TO
PRIORITY DISCIPLINE TASKS, PROBLEM AREAS, AND STRATEGIC ISSUES.

* NEED TO DEVELOP CAPABILITY FOR EFFICIENT AND INTERACTIVE MULTI-DISCIPLINARY
GRAPHIC DISPLAYS AT ALL STAGES OF THE SYSTEM DEVELOPMENT CYCLE.

* NEED TO DEVELOP METHODS TO VERIFY SYSTEM IN-SERVICE, WHILE ASCERTAINING
BALANCE WITH RESPECT TO ALL THE DISCIPLINES INVOLVED.

* NEED TO CONFIGURE PARALLEL PROCESSORS WITH RESPECTIVE SOFTWARE FOR
THE DEVELOPMENT OF THE CONCURRENT ENGINEERING SOFTWARE,

PROPOSED PROGRAM

MAJOR OBJECTIVE:

INTEGRATED SOFTWARE PACKAGES FOR THE COMPUTATIONAL SIMULATION OF
THE MULTI-DISCIPLINARY PROCEDURE THROUGH WHICH PROPULSION SYSTEMS
ARE DEVELOPED, INSTALLED, OPERATED, AND MAINTAINED.
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PROPOSED PROGRAM

COMPUTATIONAL SIMULATION OF CONCURRENT
ENGINEERING FOR PROPULSION SYSTEMS

OBJECTIVE:

JUSTIFICATION:

APPROACH:

RESQURCES:

Integrated software packages for the computational simulation of the
multi-disciplinary procedure through which propulsion systems are
deveioped, installed, and operated.

Propulsion systems are presently developed by a loosely integrated
procedure where each participating discipline (research, design,
analysis, fabrication, quality control/assurance, operation, and
maintenance) performs its assigned task independently. This is
followed by common boundary iteration to establish interdiscipline
compatibility. The adequacy of the system is subsequently
evaluated by extensive sub-component, component, and system
tests. The result is a development process which is lengthy, costly,
makes ineffective use of engineering talent, is inflexible with respect
to incorporation of new technological advancements and materials,
and is inadequate for apriori assessment of operating and
maintenance difficulties. A viable alternative is an integrated
software system where all the participating disciplines interact
simultaneously through discipline-dedicated work stations using a
common database.

Computer-Aided Design (CAD) and Computer-Aided Manutacturing
(CAM) concepts will be used in conjunction with discipline-specific
computational simulation methods to deveiop an integrated software
package to computationally simulate the multi-discipline process for
developing, installing, and operating propuision systems. (See
attached block diagram.) The software will consist of (1)
workstation with discipline-specific modules and dedicated expert
systems, (2) communication links for interactive muiti-discipline
workstations, (3) unsupervised-learning neural net, (4) adaptive
methods for condensing and incorporating information as the
system evoives, (S) zooming metheds, (6) graphic displays, and (7)
tapes for numerically controlled computer hardware. The software
system will be verified by applying it to simulate existing propulsion
systems with flight service.

S100M over a S-year period (see attached schedule chart)
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PROPOSED PROGRAM: TIME SCHEDULES AND RESOURCES

COMPUTATIONAL SIMULATION OF CONCURRENT ENGINEERING

T0TALS
YEARS FROM STARAT ($ M) rcn .
ACTIVITY T T ACHIVHTY TARGET GOALS
! 2 3 4 5 (M) e
1. DISCIPLUINE-SPECIFIC AUTOMATION WITH MIN
MODULES/EXPERT SYSTEMS y : 1 o HIUMAN ERRORS
2. MODULE DATABASE FINAL SYSTEM WITH
N ITERATIONS
INTERFACING 5 : 21 R
MAX FLEXIBILITY FOR
3. ADAPTIVE INFORMATION ADOPTING NEW
CONDENSERS/EXPENDERS y y : 5 % B NOLOGIES
4. DATABASE WITH MOST COST-EFFECTIVE
SYSTEM DEVELOPMENT
ADAPTIVE NEURAL NETS z 5 5 7] 2
| MPUTATIONAL
5. PARALLEL PROCESSING MIN CO| i
5 6 7 3 ] |2
6. VERIFICATION 10 CERTIFICATION
10 o
13 23 28 21 15 100

TOTALS PER YEAR
M) :

PROGRAM IMPLEMENTATION

* NASA FULL COMMITMENT.

* MULTILINSTITUTION PARTICIPANT DEVELOPMENT.
(DIFFERENT INSTITUTIONS DEVELOP DIFFERENT PARTS.)

* CONTINUATION/AUGMENTATIONS/INTEGRATION OF

ON-GOING RESEARCH AT LEWIS ON

® NPSS - NUMERICAL PROPULSION SYSTEM SIMULATOR.
® ESCS - ENGINE STRUCTURES COMPUTATIONAL SIMULATOR.

* ANNUAL RELEASES WITH PROGRESSIVE SOPHISTICATION CAPABILITY.

* WORKSHOPS FOR NEW CAPABILITY USER INSTRUCTIONS.

* EARLY-ON ADAPTATION INTO PRELIMINARY AND FINAL DESIGN ENVIRONMENTS.

* VERIFICATION/COMPARISON WITH PAST DESIGN AND FIELD EXPERIENCE

AT USERS FACILITY,

* FORMATION OF PARTICIPANTS' USERS GROUP.

* FORMATION OF SOFTWARE MAINTENANCE INSTITUTION.
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SUMMARY

COMPUTATIONAL SIMULATION OF CONCURRENT ENGINEERING

* ISSUES:
- BALANCE/FLEXIBILITY/TOTAL LIFE CYCLE COST/TIME DELAYS/REVISIONS.

* STATE-OF-THE-ART
- OF CURRENT PROCESS OF PUTTING THE SYSTEM IN SERVICE, STARTING FROM MISSION
REQUIREMENTS/ DICE-DARPA CONCURRENT ENGINEERING PROGRAM.

* NEEDS IDENTIFIED

- MULTI-DISCIPLINARY EXPERT SYSTEMS/COMMUNICATION LINKS.
- DATA BASE WITH SMART NEURAL NETS AND ADAPTIVE METHODS.

- ZOOMING METHODS AND GRAPHIC DISPLAYS.
- VERIFICATION.

SUMMARY (CONTINUED)

* PROPOSED PROGRAM
- OBJECTIVE: COMPUTATIONAL SIMULATION OF CONCURRENT ENGINEERING.

- JUSTIFICATION: FASTER DEVELOPMENT CYCLE/LESS TOTAL SYSTEM LIFE CYCLE cosv/
EFFECTIVE USE OF ENGINEERING TALENT/FLEXIBLE FOR INCORPORATING
NEW TECHNOLOGIES/BALANCED SYSTEM DEVELOPMENT.

- APPROACH: 6 MAJOR ACTIVITES.

- TIME SCHEDULE AND RESOURCES: $100M OVER A 5-YEAR PERIOD.

* IMPLEMENTATION

— INCORPORATION OF TOTAL SYSTEM LIFE CYCLE PROCESS INTO CURRENT PHILOSOPHY.

- EDUCATION, BOTH AT THE ENGINEERING AS WELL AS THE MANAGEMENT LEVELS.
- VERIFICATION/COMPARISON WITH PAST PROJECT ENGINEERING & MANAGEMENT PRACTICE.
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PROPOSED PROGRAM

FOR COMPUTATIONAL SIMULATION OF CONCURRENT ENGINEERING FOR PROPULSION SYSTEMS

OBJECTIVE: _ INTEGRATED SOFTWARE PACKAGES FOR THE COMPUTATIONAL SIMULATION OF
THE MULTI-DISCIPLINARY PROCEDURE THROUGH WHICH PROPULSION SYSTEMS
ARE DEVELOPED, INSTALLED, AND OPERATED.

JUSTIFICATION: - FASTER DEVELOPMENT CYCLE
- LESS TOTAL SYSTEM LIFE CYCLE COST
-~ EFFECTIVE USE OF ENGINEERING TALENT
- FLEXIBLE FOR INCORPORATING NEW TECHNOLOGIES
= BALANCED SYSTEM DEVELOPMENT FOR TOTAL LIFE CYCLE

APPROACH: = MULTIDISCIPLINARY EXPERT SYSTEMS
- COMMUNICATION LINKS
~ SMART NEURAL NETS
- ADAPTIVE METHODS
- ZOOMING METHODS
- GRAPHIC DISPLAYS
- VERIFICATION

RESOURCES: $100M OVER A 5-YEAR PERIOD
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PRESENTATION 4.2.12
LIFE CYCLE COST BASED

PROGRAM DECISIONS N91-28243

J. S. DICK
JUNE 26, 1990

BACKGROUND

- SPACE PROPULSION FACILITY ASSESSMENT TEAM
FINAL REPORT

CHANGES
-~ ADVANCED LAUNCH SYSTEM
- NATIONAL AEROSPACE PLANE
- SPACE EXPLORATION INITIATIVE

LIFE CYCLE COST ANALYSIS RATIONALE
RECOMMENDATION TO PANEL
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1983 - FACILITY ASSESSMENT TEAM

CHARTER

KEY ISSUES

TEST FACILITY VARIABLES

SCOPE

LAUNCH VEHICLE PROPULSION PROGRAMS

ORBITAL TRANSFER PROPULSION PROGRAMS
SPECIALIZED VEHICLE PROPULSION PROGRAMS
SPACE STATION AUXILIARY PROPULSION PROGRAMS

e LARGE ENGINE THRUST LEVEL - PROGRAMS & FACILITY
NEEDS

- DEFICIENCIES

e MEDIUM ENGINE THRUST LEVEL - PROGRAMS & FACILITY
NEEDS

- DEFICIENCIES

e LOW ENGINE THRUST LEVEL
e CONCENTRATE ON FACILITIES AT GOVERNMENT SITES

e CONCLUSIONS

- ASSESSMENT TEAM CHARTER

ASSESS STATUS OF NATION'S LIQUID CHEMICAL SPACE PROPULSION TEST FACILITIES
AHD THEIR ADEQUACY TO SUPPORT CURPENT, NEAR-TERM, AND LONG-RANGE NATIONAL
PROGRAM REQUIREMENTS,
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KEY ISSUES

o  KHAT FACILITIES ARE REQUIRED?
o  WHAT FACILITIES ARE AVAILABLE?
o .. WHAT ARE THE FACILITY DEFICIENCIES?
"o HOW CAN THE DEFICIENCIES BE ACCOMMODATED?

o WHAT IS THE PROPER BALAWCE BETWEEW GOVERNMENT AND CONTRACTOR FACILITIES?
o  WHY SIMILAR FACILITIES?

LIQUID CHEMICAL SPACE PROPULSION TEST FACILITY VARIABLES

VARIABLES  RANGE/SCOPE

e e
THRUST  (LBS.) MINI C10) LOW (103)  MODERATE (10') LARGE (106)

(RCS) (ALTITUDE ADJ.) (01TV) (SSME)

PROPELLANTS CRYOGENIC STORABLES ~ (MONOPROPELLANT, B1PROPELLANT)
RUN TANKAGE MEDIA VOLUME PRESSURE
PRESSURANT MEDIA  CAPACITY PRESSURE
TEST PRESSURE SEA LEVEL ALTITUDE

"DATA ACQUISITION NO. CHANNELS ANALOG/DIGITAL FREQUENCY/SAMPLE RATE  OBSOLESCENCE
MODERHIZATION PLANS

SYSTEM LEVEL COMPONENTS ENGINES PROPULSION SYSTEMS STAGES

DUTY CYCLE MIN./MAX, BURN DURATION THRUST RANGE MISSION DURATION
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1980

UNCH VEHICLE PROPULSION PRUGLKAIN

1990 2000

20
|

\‘ LAUNCH VEHICLES
(EARTH-TO-LEQ)

EXPENDABLES

SPACE SKUTTLE

@ e~ —————————e]
——— S

PROPULSION SYSTEMS

@ @ L 4

ADVANCED LAUNCH . , o EAVY LIFT

SHUTTLE DERIVED VEHICLE LAUNCH VEHICLE

CARGO VEHICLE

o

I | t R
I | |

|
|
SSME TecmoLocr / DEVELOPHENT// pcrainG / FT. SUPPORT :
L
ADV, 0y/Hy TR\ DEVELOPMENT \ T sueeowr
SUBSCALE _ o LARGE SCALE |
ADV, 0,/HC TECHNOLOGY \ DEVELOPMENT | FLT. SUPPORT
SUBSCALE o o LARGE SCALE |
DUAL FUEL TECINOLOGY \ DEVELOPMENT \ fur. sueront
|
AUX. PROP. COMS/RCS) TECHNOLOGY/FLT. SUPPORT \  DEVELOPMENT FLT. SUPPORT
ORBITAL TRANSFER PROPULSION:PROGRAMS
1980 19% 2000 2010
N ) A 1 | S Lt | B A % 2 1
ORBITAL_TRANSFER '
VEHICLES § @ {9 %
cent
oW . ngro-assist O .
oy ameoom ADYACED OTY
R !
PROPULSION SYSTEMS ! ! e ‘l? ‘!? Wn RATED

0,/Hy RL-10

" ptpoevELomENT |  DEVELOP./FLT. SUPPORT

A-3-38 \

0/Hy ADV, EXPANDER;

CW"I. o
TECHNOLOGY

SYSTEM ‘
v-
DEVELOPMENT  \ FLT. SUPPORT

STORABLE PUMP-FED

TECH / DEVELOPHENT \ FLT. SUPPORT

AUX, PROPULSION

DEVELOPMENT  \ ucu.\ DEVELOPHENT

FLY. SUPPORT
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SPECIALIZED VERICLE PROPULSION PRORRAMS

1980 1990 2000
1 [ 1 1 | (] 1 ] 1 l 1 [ i
SPECIALIZED ;
VEHICLES 3 @ 520 "
TELEOPERATOR SPACECRAFT ;::gg PLANETARY
MANEUVERING  STRUCTURES SPACECRAFT
TRANSFER
PROPULSION SYSTEMS J ' ! !
| I | |
| ] |
LOW THRUST DEVELOPMENT FLIGHT SUPPORT
STORABLES
|
LON THRUST 0y/H, TECHNOLOGY \ DEVELOPMENT \ FLT. SUPPORT
| | | |
AUX. PROPULSION TECHNOLOGY4DEVELOPMENTHFLIGHT SUPPORT

SPACE_STATION AUXILIARY PROPULSION' PROGRAMS

1980 19% 2000 wot0
L s 1 1 i 1 2 1 N 1 \ , \ 1
SPACE STATIONS
LEO SPACE STATION GEO SPACE STATION
———————§
PROPULSION SYSTEMS ? :
|

60,/GHy

RESISTOJETS

ADV. SYSTEMS

veew. \ ntvuov.\ FLT. SUPPORT/EVOLUTION

TECH. \ntvuov.\ FLT. SUPPORT / EVOLUTION

t
l
l
I
|
l
!

GROUND TEST FLT, TEST
2

CRYO, FLUID MGMT,

Q |
TeomoLosr  \ o:vuor.*\

FLIGHT SUPPORT
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LARGE LNGIME THRUST LEVEL
ENGINE LEVEL SUMMARY

~_LOCATIONS
GEHERIC ENGINE ROCKETDYNE MSFC NSTL AEDC AFRPL
SSME BasegrivE A-3 N/A A-1 N/A N/A
A-2
SSME TECHNOLOGY A:
TEST BED A-3 S-1C ** ﬁ- o J-4 ** H/A
SSME UPGRADING
® ALTITUDE TEST T see -1 *** _] %ee  p_] see| j.y ®
A-3 S-1C ‘A\-i e B-} seel J-4 N/A
(] isgaﬁvu TEST A-3 S-1C ** ‘A\:} Bj% Sy W7A
-3 @ S-1C ** A-l1°* .1 ** Crees
¢ §EA LEVEL TEST A-3 C A-i . &_% | WA 1§ 1-56
ADVANCED 02/H2 A-3 S-1C 2:5 R:% o J-4 ** N/A
ADVANCED 02/Hc A-> EE : . 33 . E:i P I L B H/A
DUAL FUEL A-; ose s-lc o -] ®® - L ] - Y )
SR RS /A
LARGE ENGINE THRUST LEVEL
COMPONENT LEVEL SWIRMARY
GENERIC QOI‘BUSTIM DEVICES BEARINGS TURBOPUMPS.
GAS GENERATORS, PRE-
ENGINES BURNERS, TURBINE BLADES,
HEAT EXCHANGERS, Iunust
CHAMBERS, NOIZLES
D,/Hy MSFC ¢ HSFC ROCKETDYNE *®
ROCKETDYNE ROCKETDYNE [N GOV*T TEST SITE
e (H1 Pc 3000 pst)
0 MSFC © HSFC ROCKETDVAE *
ROCKETDYNE _ ROCKETDYNE (4o Gov'T TeST SITE]

® RINOR DEFICIENCIES (STRUCTURAL, PIPING OR SYSTEN)
®®  MODERATE DEFICIENCIES (STRUCTURAL, PIPING 0R"!¥§T£ﬂ

PLUS UPGRADE FUEL SYSTEM

®00  MAJOR DEFICIENCIES (STRUCTURAL, PIPING OR SYSTE

PLUS LACKS FUEL CAPABILITY
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LARGE ENGINE THRUST LEVEL
DEFICIENCY #1 - SSME TEST STANDS

REQUIREMENT: SSME TEST OPERATIONS REQUIRE MAINTAINING MORE THAN THO ACTIVE
TEST STAHDS TO SUPPORT (1) THE PRODUCTION PROGRAM (INCLUDING ENGINE REBUILDS),
(2) SOLVING CURRENT ENGINE PROBLEMS, (3) THE ENGINE PRODUCT IMPROVEMENT
PROGRAM, (4) AN SSME TECHNOLOGY TEST BED, AND (5) THE NEED TO MAINTAIN
SUFFICIENT TEST ROSITIONS TO PROTECT THE ON-GOING STS OPERATIONAL PROGRAM.

EACILITY DEFICIENCY: PLANNED CLOSING OF ROCKETDYHE'S (RKD’S) A-3 TEST POSITION,
LEAVES ONLY NSTL A-1 AND A-2,

OPTIONS FOR ADDITIONAL TEST STANDS:
PRO CON
¢ RETAIN RKD A-3. o EXISTING OPERATION. o OPERATING COST.
o ACTIVATE NSTL B-2 o ACTIVE LOX/LH, TEST o INITIAL FACILITY INVEST-
OR B-1 FOR SINGLE SITE. MENT COST (LOW).,
ENGINE TESTING. e LOW OPERATING COST
(COST SHARED WITH
A-1/A-2),
o ACTIVATE MSFC S-IC ¢ DEVELOP & MAINTAIN IN- o [NITIAL FACILITY InVEST-
FOR SINGLE ENGINE | HOUSE ENlGINCERING EX- MENT COST (MODERATE).
TESTING, PERTISE & CAPABILITY,

o LOW OPERATIONAL COST.

LARGE ENGINE THRUST LEVEL
DEFICIENCY #1 (CONT'D.)

RECOMMENDAT I ON:

o A COMPARATIVE STUDY BE MADE IMMEDIATELY OF THE ABOVE OPTIONS TO
DETERMINE THE NUMBER AHD LOCATION OF TEST STANDS CONSIDERING THE
PROPOSED PHASE-OUT OF RKD’S A-3 TEST STAND AND THE REQUIREMENT
TO IMPLEMENT AN SSME TECHNOLOGY TEST BED. (A JOINT OSF/OAST STUDY).

o PRESERVE NSTL B-2 TEST POSITION IN CURRENT CONFIGURATION UNTIL
COMPARATIVE STUDY IS COMPLETE AND FINAL DECISION IS MADE.
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LARGE ENGINE THRUST LEVEL
DEFICIENCY #2 - HORIZONTAL SSME TESTING

REQUIREMENT: HORIZONTAL ORBIT-ON-DEMAND COHCEPTS REQUIRE RAPID ENGINE START-UP

AND OPERATION It HORIZONTAL POSITION.

FACILITY DEFICIENCY: HORIZONTAL TEST POSITION FOR SSME/SSHE DERIVATIVE ENGINE=1990.

QP_U.QHS.: ERQ
o DKD A3 DEVELOPMENT ENGR. SUPPORT

o HSFC S-1C o DEVELOPMENT ENGR, SUPPORT

o iSTL A-1/A-2 o LOW OPERATING COST
(SHARED FACILITY)

B-1/B-2
o RPL 1-56 o EXISTING HORIZONTAL
TEST SITE

" CON
o INVESTMENT COST FOR MODS.

o INVESTHENT COST FOR MODS.
AiD REACTIVATION.

o INVESTHMENT COST FOR [10DS.

o INVESTMENT COST TO ADD LH
CAPABILITY AND REACTIVATION,

o CONTINUAL REVIEW OF ORBIT-ON-DEMAND REQUIREMENTS, INITIATE A FACILITY

STUDY TRADE »£1985/6.

DEFICIENCY #3 - MSFC “BACKYARD CAPABIL 11T~

REQUIREMEXT: ADEQUATE SPECIALIZED “BACKYARD® FACILITIES ARE REQUIRED TO ENABLE MSFC
T0 ACCOMPLISH LEAD ROLE IN COMPOIENT LEVEL TESTING FOR SSME AND ADVANCED
ENGIHE TECHROLOGY DEVELOPMENT. SPECIFICALLY: (1) Lll2 TESTING OF LARGE
BEARINGS 50 mn, WITH RADIAL AND AXIAL LOAD AT SPEEDS 40,000 rem AiD
(2) HIGH PRESSURE 3500 pst O_/H_ TESTING OF TURBIE DRIVE COMBUSTION TECHNOLOGY,
ADVANCED CHAMBER COHBUSTION TECH?! EXHAUST PLUME ANALYSIS.

!

: DN HE TEST OPERATION PERMITTED AT HSFC’s BEARING TEST STAND,

TP-500, UNTIL A PRESSURIZ

D TERMINAL ROOM IS CONSTRUCTED. (SAFETY ISSUE)

2) CURRENT IDENTIFIED WORK LOAD FOR HI PRESS 0,/Hy TESTING REQUIRES TWO TEST
POSITIONS - OHLY ONE AVAILABLE (TP 116). THEREFORE, TECHNOLOGY TEST PROGRAMS
ARE DELAYED AND/OR DEFERRED TO AECOI-‘ODATE SPECIFIC ON-GOING PROGRAM DEVELOPMENT

ACTIVITIES (SSME TURBINE BLADE T
OVERPRESSURE PROBLEM) .

OPTIONS: PRO

ST) OR UNSCHEDULED AROIALY RESOLUTIONS (ST

CON

o MSFC TP 500 & 115 o DEVELOP & MAIWTAIN IN-HOUSE o NONE
TECHHICAL EXPERTISE COHSISTENT
WITH ETO ENGINE DEV, ROLE.
o IMPROVED CAPABILITY FOR AHOMALY

RESOLUT ION.

o EXISTING SUPPORTING FACILITIES

ARE AVAILABLE.
o LOW OPERATIONAL COST,
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LARGE ENGINE THRUST LEVEL' ¢
DEFICIENCY #3 (COHT’D.)

| ERO ol
o OTHER GOVERNMENT o NONE. o BASIC TEST CAPABILITY DOES
SITES. ’ NOT EXIST.
o CONTRACTOR SITES. o EXPAND INDUSTRY o INVESTIENT COST SIGNIFICANT.
BASE AT ONE o OPERATING COST.
CONTRACTOR (PROB-
ABLY RKD.)
RECOMMENDATION:

INPLENENT FY 1985 CoF MODIFICATION FOR MSFC’S TP 500 & 115.

LARGE ENGINE THRUST LEVEL
ISSUE #4 - ENVIRONMENTALLY COMPLIANT TEST SITES

REQUIREMENT: ADEQUATE- ETO ENGINE AND SYSTEM LEVEL TEST SITES ARE REQUIRED
TO MEET NATIONAL NEEDS. THEY MUST COMPLY WITH ENVIRONMENTAL REQUIREMENTS.,

EACILITY CONCERN: ENVIRONMENTAL CONSTRAINTS LIKELY TO INCREASE FOR TEST SITES
LOCATED ADJACENT TO POPULATED AREAS CURRENTLY EXPERIENCING ENVIRONMENTAL

CONSTRAINTS ON ENGIHE LEVEL TEST AT SEVERAL TEST SITES, €.6. ROCKETDYHE AT
SATA SUZAHNA RESTRICTED TO TEST OPERATIONS DURING DAY LIGHT HOURS.

OPTIONS:
BRO CoN
o RELOCATE RKD A-3 o ELIMINATES ENVIRON- o REQUIRES ALTERNATE SITE,
TEST OPERATIONS., MENTAL PROBLEMS.
o PROTECT BUFFER ZONE o PROTECTS CRITICAL o -LOCAL PRESSURE FOR
AT ISOLATED TEST NATIONAL ASSET, LAND .USE.
SITES.
RECOMMPNDATION:

PROTECT NSTL BUFFER ZONE AND PRESERVE OTHER EXISTING GOVERUMENT REMOTE
TEST SITES (MSFC),
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LARGE ENGINE THRUST LEVEL
DEFICIENCY #5 - LOX/HYDROCARBON TEST SITE

REQUIREMENT:  ADVANCED EARTH TO ORBIT TRANSPORTATION SYSTEMS WILL REQUIRE THE
DEVELOPMENT OF LARGE HYDROCARBON AND/OR DUAL FUEL ENGINES @ Hi Pc. TEST AT
ALTITUDE CONDITION MAY BE REQUIRED.

EACILITY DEFICIENCY:  NO FACILITY HAS CAPAB[LITY TO MEET BOTH PROPELLANT AND
ALTITUDE REQUIREMENTS.

OPTIONS:
PRO CON
o GOV'T. TEST SITES o BUILDS OH EXISTING o INVESTMENT COST,
AEDC, MSFC, NSTL, OPERATIONAL BASE.
RPL.
o CONTRACTOR TEST SITES. o MAINTAIN INDUSTRY o INVESTMENT COST,
AEROJET, PRATT, RKD. CAPABILITY, o COST OF OPERATION.
'RECOMMEHDATION:

INITIATE A TECHKICAL FEASIBILITY/FACILITY TRADE STUDY IN 1984 TO ESTABLISH
A TEST PHILOSOPHY, 1.€., ENGINE/COMPONENT TEST BED VIS-A-VIS COMPONENT LEVEL

TESTING, TO SUPPORT A Cof PER IN FY 1987,

LARGE ENGINE THRUST LEVEL
DEFICIENCY #6 - ADVANCED ENGINE TURBOPUMP TESTING

REQUIREMENT:  ADVANCED OoHy, Oo/HC AND/OR DUAL FUEL EARTH TO ORBIT ENGINES REQUIRE
TURBOPUMP TESTING.

EACILITY DEFICIENCY: EXISTING CONTRACTOR FACILITY HAS NOT SATISFACTORILY
DEMONSTRATED THIS CAPABILITY, TEST POSITION IS PROJECTED TO BE CLOSED

BY 1986 AND CRITICAL HIGH PRESSURE TANKAGE LIKELY TO BE MOVED TO OTHER
LOCATIONS. MO ALTERNATE GOV'T, TEST POSITION EXISTS.

OPTIONS:

RO CON

¢ RKD A-3 o CURRENTLY EXISTING ¢ FACILITY LIKELY TO BE CLOSED

FACILITY, IN SPITE OF THIS REQUIREMENT.
o OPERATIONS COST,

o NSFC o SUPPORTS ETO DEVELOP- o INITIAL INVESTMENT COST.

MENT RESPONSIBILITY.
o BUILDS ON EXISTING
: CAPABILITY BASE.

¢ WSTL o UTILIZES EXISTING o INITIAL INVESTMENT COST.
PROPELLANT SUPPLY
FACILITIES.

o TEST BED ENGINE o MAY BE ONLY PRACTICAL o TURBOPUMP TESTS MUST BE
SOLUTION AT REASONABLE ACCOIPLISHED IN CONJUNCTION
cosT. WiTH ENGINE SYSTEM TESTS.
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. LARGE ENGINE THRUST LEVEL
DEFICIENCY #6 (CONT'D.)

- RECOMMENDAT LON:

CONDUCT TRADE STUDY TO ESTABLISH TECHNICAL FEASIBILITY AND COST ESTIMATES
FOR TURBOPUHP TEST METHOD TO SUPPORT AN FY 1987 CoF PROJECT. THIS STUDY
SHOULD BE INITIATED AS All INTEGRAL PART OF THE PRIOR ENGINE ISSUE.

CATEGORIZATION OF GOVERNMENT FACILITIES

I, ACTIVE - IN CURRENT USE,

IT,  RETAIN IN CURRENT STATUS FOR POTENTIAL FUTURE USE
- NOT UNIQUELY REQUIRED BY VEHICLE MODEL,
- ASSET OF POTENTIAL VALUE TO FUTURE PROGRAM,
- COSTLY TO DUPLICATE, CONTAIN EXPENSIVE, LONG-LEAD HARDWARE.

o STANDBY - MAINTAIN TO PERMIT RAPID ACTIVATION.
o [DOWNMODE - MAINTAIN AT MINIMUM LEVEL TO ARREST DETERIORATION.

[11.  RETAIN AS A SOURCE OF HARDWARE
- NOT REQUIRED BY VEWICLE HODEL,
- CONTAIN EXPENSIVE, LONG-LEAD HARDWARE,

v, INDICATE TO CONTROLLING GOVERNMENT ORGANIZATION THAT FACILITY RETENTIOW
FOR PROPULSION PURPOSES CANNOT BE JUSTIFIED

- NOT REQUIRED BY VEHICLE MODEL,

= INCLUDE FACILITIES AT NASA, DOD, AND DOE LOCATIONS AND GOVERNMENT
FACILITIES AT CONTRACTOR LOCATIONS,
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MEDIUM ENGINE THRUST LEVEL - EHGINE CHARACTERISTICS

THRUST Pc EXPANSION RATIO DURATION CLASS
FuLL/Low(LBS.) (ps1a) (sec.)
Oy
RL-10 I1B 15,000/1500 400 205 1,400
ADY EXPANDERS 15,000/500 2,000 1,000 1,800
3,000/500 2,000 1,000 1,800
ADV OMS 6,000 500 300 600
NZOH/MMH
ADV PUMP-FED 3,750 1,500 400 1,000
CURRENT OMS 6,000 125 55 600
ADV OMS 6,000 1,500 400 600
OZ/HC
ADV 0MS 6,000 600 300 600
MEDIUM ENGINE THRUST LEVEL - ENGINE LEVEL TEST CAPABILITY
[§] O OV o] O s ] e QO . .
FA o I ] 79 [N %] (9] o | ek || B [
PROPULSION svs'r;:mﬂ &8 |5 5] 8] 3822 5"2 § § EV g 2 g & E
— —— e e 11
RL-10 IIB Al A pl| sel p| Pja Pl P A
0,/H, ADV EXPANDER al a | p|sel Pp| P pl P A
oMS Al A p|spl Pl P A pl P A
OoMS rvi * P A A * .
N0, /MM
ADV PUMP-FED N * P N Al .
0,/HC OMS ] » P A Al ¢+ *
¢ FULL EXISTING CAPABILIT
A EXIST. ALTITUDE CAPABILNTY
P EXIST. PROPELLANT SYSTE
S TEST STAND IN PLACE
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4}. .
ENGINE s 2 "
5 L S w u ENGINE TEST STAGE TEST
CLASS e a a [+ .
Q & n X &
3 ag / 2% g
= S.L, ALTITUDE/ ¢ ALTLTUDF
_ 3 LeRC Lere L;RC AEDC J-4| AFRPL AEDC
) MSFC MSFC AFRPL
. L]
0,1, : Gov' T NSTL WSTF WSTP
. NSTL
F R/D BELL R/D ALRC ALRC
E| CONTR. R/D R/D R/D
D BELL BELL
Pl AFRPL AFRPL | AEDC J-3 AFRPL AEDC
Ul covir LeRC LeRC * | AFRPL WSTF AFRPL
M WSTF JPL WSTF
P WSTF
P R/D BELL BELL ALRC ALRC ALRC ALRC
E| CONTR. R/D R/D BELL BELL. | BELL BELL
D R/D R/D R/D R/D
N20‘/MMH TRW TRV TRW
: RPL AEDC AFRPL | AEDC J-1) AFRPL AEDC
e | Gover N/A N/A LeRC AFRPL LeRC AFRPL WSTF AFRPL
WSTF WSTF WSTF WSTF WSTF
s.
ALRC ALRC ALRC ALRC ALRC
N/A N/A R/D TRW BELL R/D - '
CONTR, R/D
BELL R/D R/D TRW BELL
TRW TRW ) TRW
- LeRC AFRPL AEDC
o/ GOV'T I LeRC :g:g . MSFC [ AEDC J-3{ MSFC AFRPL
2 NSTL WSTF NSTL
: NSTL
ALRC ‘| ALRC ALRC ALRC ALRC ALRC ALRC
CONTR. R/D BELL R/D BELL BELL
R/D ’ .| R/D R/D
MEDIUM ENGINE THRUST LEVEL
DEFICIENCY #1 - ENGINE ALTITUDE TESTING

VERY HIGH EXPANSION RATIN (E) ENGINES ARE REQUIRED FOR FUTURE HIGH PERFORMANCE
0TV’S (HID-1990’S) AHD FOR ETO VEHICLES ORBIT MANEUVERING SYSTEMS (OMS) (POST 2000)

o RL-10B (PRODUCT IMPROVEMENT PROGRAM (PIP)) NEED DATE: 1986
o ADV EXPANDER HEED DATE: 1989

DEFICIERCY: .
CAPABILITY TO TEST HIGH € DUAL THRUST ENGINES THROUGH FULL MISSION DUTY CYCLES

CURRENTLY EXISTS OHLY AT AEDC J-4,

OPTIOKS: PRO on
o MODIFY PaW TEST ACCOMMODATES CURRENT o NOT AVAILABLE TO OTHER
STAHD E-6 SCHEDULE CONTRACTORS

o DOES NHOT SATISFY MISSION
DURATION REAUIREMENTS

o USE AEDC J-4 FOR o NO CorF FUNDING o VERY HIGH OPERATING COSTS
ALL HIGH € TESTING REQUIRED (CHARGES)
o PRIORITIES/SCHEDUL ING
PROBLEMS
o SINGLE POINT FAILURE
o MUDIFY OTHER GOVERNMENT COST EFFECTIVE REQUIRES NEAR TERM CofF
FACILITY (AEDC J-3, LONG-TERM SOLUTION FUNDING (FY 1985)

WSTF, LeRC, MSFC, NSTL,
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MEDIUM ENGINE THRUST LEVEL
DEFICIENCY #1 (CONT'D.)

RECOMMERDATOH :
o ACCOMMODATE NEAR TERM TEST REQUIREMENTS (RL-10 IIB PIP) AT AEDC J-4,

o CONDUCT TRADE STUDY TO DETERMINE MOST COST/SCHEDULE EFFECTIVE LOCATION FOR
PERMANENT HIGH ALTITUDE TEST FACILITY(S), WHICH CAN ALSQ ACCOMMODATE HIGH €
NOZZLE TESTING

o COMPLETE STUDY IN TIME TO IMPACT FY 86 CorF (COULD MEET RL-10 IIB PIP REQUIREMEWTS,
IF - DELAYED)

MEDIUM ENGINE THRUST LEVEL
ISSUE #1 - ENGINE TESTING

CONSIDERATION OF POTENTIAL FACILITIES
MIHOR MODS MODERATE_MODS MAJOR

AEDC (J-3) MSFC

LeRC (PSL) NSTL

WSTF

PeW | ALRC
BELL
RKD

TRHW
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MEDIUM ENGINE THRUST LEVEL
DEFICIENCY #2 - OZZLE TESTING

REQUIREMENT

HIGH EXPANSION RATIO (€) ENGIMES REQUlRéD FOR FUTURE HIGH PERFORMANCE OTV‘S
(HID-1990°S) AND ETO VEHICLE ORBIT MANEUVERING SYSTEMS (OMS) (POST 2000)

DEFICIENCY:
CAPABILITY TO TEST HIGH € NOZZLES AT ALTITUDE WITH PRESSURE FED THRUST CHAMRERS
DOES NOT EXIST AT ANY TEST FACILITY - INITIAL NEED DATE (ReT): 1988

OPTIONS: PRO CON
o PROVIDE HIGH PRESSURE ~ PROVIDES REQUIRED COST OF HIGH PRESSURE TANKS
TAHKAGE TO AEDC (J-3)  CAPABILITY
OR WSTF

o TEST AT ENGINE LEVEL LOW PRESSURE TANKS IN PUMP LIFE/MAINT./CONTROL
AT GOVERHMENT FACILITY, PLACE OR AVAILABLE

o TEST SUBSCALE HARDWARE  [N-PLACE CAPABILITIES EXTRAPOLATION OF RESULTS
AT LeRC, ALRC,, RKD T0 FULL SCALE HOZZLES

RECOMMENDAT [ ON:

CONDUCT STUDY IR COHJUNCTION WITH ENGINE SYSTEM TEST FACILITY OPTIONS TO DEVELOP
MOST COST EFFECTIVE SOLUTION

MEDIUM ENGINE THRUST LEVEL
ISSUE #2 - NOZZLE TESTING

CONSIDNERATION OF POTENTIAL FACILITIES

MINOR [0DS HODERATE HODS 1AJOR_MODS
E.G., PROPELLANT SYS  E.G., ALTITUDE SYSTEM
AEDC J-4 NSFC
AEDC J-3 NSTL
AFRPL
LeRC PSL
HSTF
ALRC BELL

P&k RKD
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MEDIUM ENGINE THRUST LEVEL
DEFICIENCY #3 - TURBOMACHIHERY TESTING

REQUIREMEINT: DEVELOP TECHNOLOGY FOR HIGH PRESSURE, HIGH SPEED TURBOPUMPS REQUIRED
FOR HIGH PERFORMANCE OTV ENGINES (MID-1390’S) AND ORBIT MANEUVERING SYSTEM
ENGINES (POST 2000).

DEFICIENCY: o NO GOVERHMENT CAPABILITY EXISTS AT REQUIRED PRESSURES AND SPEEDS
o CONTRACTOR CAPABILITY EXISTS ONLY AT ROCKETDYHE

OPTIONS: PRO con
o RELY ON RKD FOR o MINIMUM INVESTHENT o LIMITED GOVERNMENT EXPERTISE
TECHNOLOGY AND o HO COHTRACTOR COMPETITION
DEVELOPMENT
o PROVIDE CAPA- o PROVIDES EXPERTISE THRU o NOHE
BILITY WITHIN “BACKYARD" CAPABILITY
GOVERNMERT o MINOR MOD
o AVAILABLE TO ALL
CONTRACTORS

e SUPPORTS PROGRAM
REQUIREMENT WITH
TECHHOLOGY

OMMENDAT T ON : FUMD FY 85 LERC CorF SUBMISSION TO SUPPORT LERC'S R&T RESPGWSIBILITY.

MEDIUM ENGINE THRUST LEVEL
ISSUE #3 - TURBOMACHINERY TESTING

CONSIDERATION OF POTEMTIAL FACILITIES

MINOR_HODS MODERATE MODS MAJOR MODS
AFRPL

JPL-ETS

JSC-TTA

LeRC

MSFC

NSTF

ALRC
P&l
RKD
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MEDIUM ENGINE THRUST LEVEL

DEFICIENCY #4 - BEARING TESTER
ISSUE

REQUIREMENTS:

ADV HIGH PRESSURE. PUMP-FED M0, /MHH ENGINES REQUIRED FOR FUTURE HIGH PERFORMANCE
OTV’S AND FOR ETO VEMICLE ORﬁl? MANEUVERING SYSTEMS (OMS) BY MID-1990'S

DEFICIENCY:
CAPABILITY TO TEST SMALL, HIGH SPEED N 0, AND MMH BEARINGS DOES NOT EXIST AT ANY
GOVERNMENT FACILITY--ONLY AT ROCKETDYNE

OPTIONS: PRO con
PROVIDE CAPABILITY AT AVAILABLE TO TEST ALL HOME
LeRC OR RPL CONTRACTOR DESIGHS.

MINIMUM EXPENSE TO
INSTALL

OM Oll:
PROVIDE CAPABILITY AT LeRC OR AFRPL FOR BEARING R&T (NEED DATE: 1985)
OAST AHD AFRPL DETERMINE BEST LOCATIOHN PRIOR TO JAN, 1934,

MEDIUM ENGINE THRUST LEVEL
ISSUE #4 - BEARING TESTER

CONSIDERATION OF POTEMTIAL FACILITIES

NIHOR MODS 0 0Ds MAJOR_HODS

LERC
AFRPL

HSFC
JPL-ETS
JSC
WSTF

ALRC
RKD
P&WA
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SCHEDULE SUMMARY

ALL PLANNED VEHICLES REQUIRE ENGINES IN THE 2000 LBS OR LESS CLASS

- 13 NEW ENGINE DEVELOPHENTS REQUIRED,

ALL PLANHED NEW VEHICLES (17 TOTAL) REQUIRE NEW SYSTEMS (WHICH INVOLVE

SYSTEM LEVEL TESTS) BETWEEN 1983 AND 2010.

IN 1985 - 1990 TIME PERIOD:

11 NEW ENGINE DEVELOPMENTS

8 NEW SYSTEMS

THESE PROGRAMS WILL RESULT IN SIGNIFICANT FACILITY TEST LOADS.

LOW ERGINE THRUST LEVEL
SUMMARY ASSESSMENT

ENGINE CLASS ASSESSMERT
Bi1PROP STORABLF o NO DEFICIEHCY.
o MULTIPLE GOVERNMENT & INDUSTRY SITES
2K & LESS AVAILABLE.,
o CURREMTLY UNDERUTILIZED - SEVERAL ALREADY
INACTIVE.

MONOPROP (N)Hy)

o NO DEFICIENCY,
o MULTIPLE GOVERNMENT & INDUSTRY SITES

100 & LESS AVAILABLE .
0,/H o THO COUTRACTORS WITH CAPABILITY (AEROJET
22 AND ROCKETDYHE.

2 & LESS

o INADEQUATE CAPABILITY AT GOVERWMENT SITES.

HIGH ERERGY (LF,)
2K & LESS

e NO DEFICIENCY.
o GOVERNMENT & INDUSTRY SITE AVAILABLE.

o CURREMTLY INACTIVE BUT CAPABILITY SHOULD BE
RETAINED,
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LOW ENGINE IHRUSI LEVEL

CLASSIFICATION OF GOV'T, FACILITIES

SIGNIFICANT DIFFERENCES IN SUITABILITY FOR LOW THRUST ENGINES DUE TO SIZE, PRIMARY
FUNCTION, CENTER ROLE AND FACILITY CHARTER,

o TECHNOLOGY DEVELOPHMENT (ReT)
o LeRC

e RPL

o FLIGHT PROGRAM SUPPORTING DEVELOPMENT ("BACKYARD")
e JSC - TTA

o MSFC
e JPL®

o GOVERHMENT-OWNED TEST SERVICE SITES
e JSC - WSTF
o NSTL
o AEDC
o JPL*

® CURRENTLY UNDERUTILIZED FOR PROGRAM SUPPORT AND IS BIDDING FOR USE AS A TEST
SERVICE SITE,

LOW ENGINE THRUSY LEVEL
RATIONALE FOR EXISTENCE OF SIMILAR GOV’T. FACILITIES

TECHNOLOGY DEVELOPMENT (R&T)

o PROVIDE TECINICALLY COMPETENT PROCURENENT & AHAGEMENT OF CONTRACTED
RET PROGRAMS.

o PROVIDE COMPARATIVE EVALUATION OF COMPETING CONCEPTS.
o ALLOW INNOVATIVE 1DEAS TO BE EXPLORED AT LOW COSTS.
o PERFORM IN-HOUSE ReT,

FLIGHT PROGRAM SUPPORTING DEVELOPMENT (BACKYARD)

o PROVIDE TECHNICALLY COMPETENT PROCUREMENT & MAWAGEMENT OF COHTRACTED ELIGHT
HARDHARE PROGRAMS.,

¢ PROVIDE REAL-TIME ENGINEERING INVESTIGATIVE SUPPORT,
o ASSIST IM DEVELOPMENT & REFINEMENT OF MISSION RULES & CONTINGENCY PROCEDURES.

GOVERNMENT OWNED TEST SERVICE SITES

¢ PREVENTS REQUIRING CONTRACTORS TO HAVE FULL-UP FACILITIES IN ORDER
~ TO BE COMPETITIVE. USE AS REQUIRED TO PREVENT BUILDING OF NEW
FACILITIES AT HON-GOVERNMENT SITE.
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RECOMMENDAT10KS

0,/Hy DEFICIENCIES AT GOVERNMENT SITE

o TECHNOLOGY DEVELOPMENT (ReT)

LeRC_

o IMPLEMENTATION OF APPROVED FY 1984 Cof ($995.K) AT LERC WILL INCREASE
TOTAL CAPABILITY FROM NONE TO ONE HOUR DURATIOH,

o RECOMMEND CONTINUE,

RPL

o [MPLEMENTATION OF REQUESTED FY 1985 MCP ($5.M) AT RPL TO INCREASE
ALTITUDE DURATION CAPABILITY FROM 15 MIN, TO 5 HOURS.

o RECOMMEND CONSIDER USE OF JPL IN LIEU OF MOD AT RPL (CAPABILITY REQUIRED) ,
o FLIGHT PROGRAM SUPPORTING DEVELOPMEMT (”BACKYARD*)

JSC
o NO CRYO ENGINE CAPABILITY AT ALL AT TTA - UNDERSUPPORTS JSC CENTER
ROLE AS FLIGHT PROGRAM DEVELOPMEWT AND MANAGEMENT CENTER,

o RECOMMEND FY 1985 CoF UPGRADE BY ADDING CAPABILITY FOR SUB-SCALE EWGINES
(BELOW 250 1B, THRUST),

MSFC

o NO APPROPRIATE ENGINE ALTITUDE CAPABILITY AT MSFC - UNDERSUPPORTS MSFC
CENTER ROLE AS FLIGHT PROGRAM DEVELOPMENT AND MANAGEMENT CENTER,

o RECOMMEND THAT MSFC IDENTIFY BEST METHOD AND INCLUDE IN FY 1986 CoF,

o GOVERNMENT-OWNED TEST SERVICE SITES
JPL

o JPL HAS TOTAL CAPABILITY EXCEPT FOR RUN DURATION (3 MINUTE CAPARII ITY)
VS, HOUR(S) REQUIREAENT) DUE TO LIMITED VOLUME HIGH PRESSURE LHy TANKAGE.

o RECOMMEND APPROVE RELOCATION OF SURPLUS LH, TANKAGE SYSTEM @ NTS TO

INCREASE JPL'S CAPABILITY TO 2 HOURS AND PROVIDE TOTAL LOW THRUST
CAPABILITY AT VERY LOW COST ($100.K).

WSTE, NSTL, MSFC

o IMPLEMENTATION OF OTV FACILITY DECISION WILL ALSO PROVIDE FULL SCALE
LOW THRUST CAPABILITY AT ONE OF THESE SITES.
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CONCENTRATE ON FACILITIES AT GOVERNMENT
SITES

e SPECIFICALLY: MAJOR, EXPENSIVE, ENGINE & STAGE
FACILITIES.

e GOVERNMENT FACILITIE77S (AT GOVERNMENT SITES)
AVAILABLE TO ALL USERS

- CONTRACTOR & GOVERNMENT
- R&T, R&D, OPERATIONAL PROGRAMS

e GOVERNMENT FACILITIES AT CONTRACTOR SITES
GENERALLY LIMITED TO HIS USE

- ALTERS COMPETITIVE ADVANTAGE
- REDUCES HEALTH OF INDUSTRY

TEAM RESULTS

o DETERMINED STATUS OF HATIONAL PROPULSION TEST FACILITIES (COMPILED FACILITY
DATA PACKAGE) .,

o DEVELOPED BASELINE SPACE TRANSPORTATION VEHICLE MODEL.

o ESTABLISHED TEST REQUIREMEMTS FOR THE GENERIC PROPULSION SYSTEMS IN THE
VEHICLE MODEL.

o DEVELOPED INTEGRATED FACILITY PLAN (SHORT/LONG TERM).

o IDENTIFIED SURPLUS EQUIPMENT AVAILABLE FOR UTILIZATION AT OTHER FACILITIES.
o PROVIDED ASSESSMENT OF PROPULSION INDUSTRY HEALTH,

ENHANCED COMMUNICATION CHANNELS BETWEEN LIQUID ROCKET TEST ORGANIZATIONS.
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RECOMIENDAT IONS:

o HQS. PROGRAM OFFICES PROVIDE MEANS OF DEVELOPING AND FAIHTAINING INTEGRATED
*TOP LEVEL PLANS".,
- REQUIRES TOP MANAGEMENT IKVOLVEMENT,
- REQUIRES DEDICATED LEAD STAFF,

- MUST BE DEVELOPED BY THOSE RESPONSIBLE FOR MAMAGING THE EXECUTION
OF THE PLAN.

- OFTEN REQUIRES INVOLVEHENT AND INTERACTION OF MORE THAW ONE HQS,
'PROGRAM OFFICE/SOMETIMES DOD.

¢ PLA4S SHOULD INCLUDE:
- HATIOWAL MISSION REQUIREMENTS.
- PROGRAM OBJECTIVES, APPROACHES, MAJOR MILESTONE, ETC.
- CEWTER RESPORSIBILITIES,
- TECHWOLOGY REQUIREMENTS,
- FACILITY REQUIREMEWTS.,

¢ IHTEGRATED FACILITY PLANNING
- DRIVEN AND SUPPORTED BY INPUTS FROM PROGRAM PLANS.
= MUST INCLUDE PROGRAM MANAGEMENT AND FACILITY MANAGEMERT.
« CONSIDERATION OF FACILITY OPTIONS/BY TRADE-OFF STUDIES.
+ EARLY ReD FUNDS NEEDED TO BE EFFECTIVE,

- CENTRALLY (HQS) CONTROLLED REVIEW OF TRADE-OFF STUDY RESULTS
AND CONCLUSIONS,

TEAM OBSERVATIONS OF NASA PLANNING

o A GENERALLY ACCEPTED TOP-LEVEL SPACE TRANSPORTATION SYSTEM PLAN DOES
NOT EXIST; WOULD INCLUDE:

- MISSION OBJECTIVES AND REQUIREMENTS
o MAJOR EXCEPTION PERMANENT MAN OCCUPANY OF SPACE,

- PROGRAM PLANS/MAJOR MILESTONES
o PLANS FOR APPROVAL OF ONGOING PROGRAMS ARE INADEQUATE.
o FUTURE PROGRAM PLANS ARE NEAR NONEXISTEWT,

o THERE IS NO CLEAR ORGANIZATION MECHANISM TO DEVELOP AiD VALIDATE PLANS

- AD HOC PROPULSION FACILITY TEAM - REQUIRED TO DEVELOP PLAN FOR
PROPULSION PROGRAHM,

- REVIEW AHD CONCURRENCE BY TOP NASA AND AF MANAGEMENT INCOMPLETE.

o GOOD FACILITY PLANNING AND APPROVAL -

- REQUIRES ADEQUATE AGENCY/CENTER MISSION OBJECTIVES AND
PROGRAM PLAKS,
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CONCLUSIGNS

ADEQUATE FACILITIES ARE AVAILABLE AT BOTH THE GOVERHMENT AMD COMTRACTOR SITES
TO SATISFY THE TESTING NEEDS OF SMALL ENGINES (SPACECRAFT ATTITUDE CONTROL AND
MANEUVERING) FOR FORESEEABLE FUTURE.

OfE EXCEPTION IS DEFICIENCY IN LOX/LHy TEST CAPABILITY,

MODIFICATIONS AMD ADDITIONS TU EXISTIHG FACILITIES ARE REQUIRED TO ADEQUATELY
SUPPORT THE TEST REQUIREMENTS FOR DEVELOPING AHD OPERATING HIGH PERFORMANCE
MEDIUM THRUST ENGINES FOR FUTURE SPACE VEHICLES (OTv, ETC.).

THERE ARE SPECIFIC HEEDS FOR IMPROVED COMPOWENT TEST FACILITIES, AND ENGINE/
PROPULSIOH SYSTEM ALTITUDE TEST FACILITIES.

THE PRESENT THREE ACTIVE TEST STANDS (THO AT NSTL AHD ONE AT ROCKETDYHE, SSFL)
MAY NHOT BE ADEQUATE OR OPTIMUM TO SUPPORT ALL THE TEST HEEDS OF THE SSME AND
SSME DERIVATIVE ENGINE PROGRAMS, OPTIONS BEING CONSIDERED FOR TEST STAND MODI-
FICATIONS AT NSTL AND MSFC COULD SATISFY THIS NEED.

PRESENT ACTIVE OR STAMDBY LARGE ENGINE TEST FACILITIES ARE HOT CONFIGURED TO
SATISFY NEEDS OF AIR FORCE "ORBIT-ON-DEMAND" VEHICLE,

THERE IS IMMEDIATE WEED FOR IMPROVEMEHTS AND ADDITIONS TO SEVERAL CENTER “BACK-
YARD” FACILITIES TO SUPPORT TECHHOLOGY ADVANCEMENT TESTING, ARD SHUTTLE DEVELOP-
~ MENT AND OPERATIONS PRUGRAMS SUPPORT.

THERE ARE A LARGE NUMBER OF MEDIUM AND LARGE THRUST ENGINE AND SYSTEM TEST STAHDS
NOT IN ACTIVE UISE AT BOTH GOVERNMENT AHD COMTRACTOR SITES. MAHY ARE BEIHG MAIN-
TAINED ; A FEW NHOT. SOME SHOI D CONTIHUF TO RF MAINTATNFD RECAUSE OF LARGE INVEST-

nsur COST AND UHKNOHN FUTURE:; OTHERS KEPT FOR SPARE PARTS; AND OTHER HAVE 1O POTENTIAL
ISE AND SHOULD BE MADE AVAILABLE FOR DISPOSITION

CHANGES

e NATIONAL AEROSPACE PLANE
e ADVANCED LAUNCH SYSTEM

e SPACE EXPLORATION INITIATIVE
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NATIONAL AERO-SPACE PLANE
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ADVANCED LAUNCH SYSTEM
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SEI Candidate Unmanned Vehicles
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Lunar excursion vehicle.
refueled by lunar transfer
vehicle (cargo exchange)

() Payload Delivered to Space Station Freedom

(@) Lunar Transfer Vehicle Mated with Payload at
Freedom

@ Trans-Lunar Phase with Lunar Transfer Vehicle

@ Lunar Transfer Vehicle Rendezvoris with Lunar
Excursion Vehicle from Moon

Excursion Vehicle Retums to Moon
with Payload

. Trans-Earth Phase with Transfer

. Vehicle

Transfer Vehicle Aerobrake Maneuver
and Retum to Freedom '

Mar excursion vehicie
separates and arrives 1
day belore Mars Transler
vehicle

(©) Payload Delivered to Space Station Freedom

Mars Transfer Vehicle Mated with Payload at
Freedom

@ Trans-Mars Phase with Lunar Transfer Vehicle

@ Mars Transfer Vehicle Remains in Mars Orbit; Mars
Excursion Vehicie Descends to Surface

Excursion Vehicle to/from Mars;
Surface '

Trans-Earth Phase with Transfer
Vehicle

Transter Vehicle Aerobrake Maneuver
and Return
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LIFE CYCLE COST BASED DECISIONS
RATIONALE

e FACILITY ASSESSMENT TEAM CHARTER
e FUTURE PROGRAM REQUIREMENTS

e CAPITAL INVESTMENT VS O&M COSTS

SCOPE
SPACE
TRANSPORTAT 10N o REQUIREMENTS
VEHICLE o ASSETS SURVEY
HODEL o EVALUATION
l' o PLAN
PROPULSION FACILITY
SYSTEM VISITS
REQUIREMENTS ¢
l ASSESSMENT
PROPULSION SYSTEM \[
TEST REQUIREMENTS Axgé%c?%s
, DEVELOPMENT,
R‘Epgﬁﬁrféﬁs“E ' CAPABILITY
FACIL}LTY L INTEGRATED
—_— — | FACILITY |—  FACILITY
REQUIREMENTS EVALUATION AcCILITY AclL
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LIFE CYCLE COST

THE TOTAL COST OF A FACILITY - INCLUDING THE INITIAL
CAPITAL INVESTMENT AND ALL OPERATING AND
MAINTENANCE COSTS FOR THE LIFE OF THE PROGRAM.

RECOMMENDATION

e ESTABLISH A PROPULSION TEST WORKING GROUP WITHIN
NASA - SEPARATE PANEL OF PROPULSION WORKING -
GROUP.

e DEVELOP A FINITE MODEL FOR COST ANALYSIS OF
ALTERNATE SITES FOR PROPULSION TEST

e SUBJECT ALL CANDIDATE SITES TO INDEPENDENT
ANALYSIS - NASA HEADQUARTERS LEAD

e PROGRAM DECISION BASED ON INDEPENDENT
ASSESSMENT

APPLICABILITY

e NEW PROGRAM STARTS

e MAJOR PROGRAMMATIC CHANGES
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NNSA N91-28249

Stennis Space Center PRESENTATION 4.2.13
SPACE TRANSPORTATION
PROPULSION SYSTEMS
SYMPOSIUM

E.G. Woods June 25-29, 1990
NASA/SSC

NNASA

Stennis Space Center

Space Transportation Propulsion Systems

SYMPOSIUM

Development, Manufacturing & Certification

PANEL

Flight Certification
TOPIC

Infusion of Instrumentation Technology (Engine Plume Diagnostics)
Into Operational Test Programs

SUBJECT

E.G. Woods

Topic Coordinator June 25-29, 1990

NASA/SSC 1025



HIERARCHY OF CIVIL SPACE
TECHNOLOGY PROGRAM

Space Technology Development
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EVOLUTION OF TECHNOLOGY DEVELOPMENT

Technology Fit. Sys. Development/
R&T Base Development Advanced Cert./Production/
and Development Operations
Validation Product Improvement
Basic Fundamentals ~ Generic Subcomponent Prototype System Products
Far Term, High Risk, Subscale Test Rigs Demonstrations,
Unfocused Component, System Point Designs
Test Beds,
Focused
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TECHNOLOGY VALIDATION PROCESS
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IMPACTS OF TECHNOLOGY INFUSION

INTO FLIGHT CERTIFICATIONS

Capability Vs Obsolescence
Automated Vs Labor intensive
Timely VS Delays
Effective S Inefficiency
Synthesis Vs Repeated duplication
of efforts

Quality VS Poor simulation
Knowledge and Vs Loss of expertise
confidence

POTENTIAL SOLUTIONS

Proceed programs with technology development and continue
technology options up to critical design review

Early and continued communications between technology and
operational elements

Adequate, stable funding of technology problems

Schedule and plan technology demonstration "windows" into
program operations

Cross-train personnel in technology and operational policies
and procedures

Pre-planned product improvements at three year cycles

Plan for technology improvements for Test-Launch-Landing, and
Ground Support systems, as well as, vehicle transportation
systems

Identify blind spots in operations

Establish "ownership" of technology enhancements by operations

personnel
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EXAMPLES OF CURRENT TECHNOLOGY INFUSION
INTO FLIGHT CERTIFICATION

SHUTTLE THERMAL IMAGER —™ SPACE SHUTTLE
& ICE DETECTION SYSTEM

ENGINE PLUME —™ SPACE SHUTTLE MAIN ENGINE
DIAGNOSTICS TEST PROGRAM

SMART HYDROGEN SENSOR —* SPACE SHUTTLE MAIN ENGINE
& FSUGITIVE GAS DETECTION TEST PROGRAM
SYSTEM

OAET - CSTI HEALTH MONITORING & CONTROLS

> trol
cl?:girg »| Effectors
A |
Red Line Signal Se
Detection Conditioning nsors
Monity ' Y
onitor
O »{ Recorder LJ'
Signal
Conditioning T

Maintenance & Readiness
Recommendations

Expert
System

Condition - .
Monitor Historic Information

Durability Models
Inspection Data
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NNSA

Stennis Space Center

CHALLENGES FOR FUTURE SPACE
VEHICLE PROPULSION SYSTEM PROGRAMS

* Reduce Cost @
* Improve Reliability ﬁ

* Improve Safety ﬁ

* Improve Performance ﬁf
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PRESENTATION 4.2.14

Space Transportation Propulsion Technology Symposium
NNASA DEVELOPMENT MANUFACTURING & CERTIFICATION PSU

N91-28250

LIQUID ROCKET ENGINE
FLIGHT CERTIFICATION

STEVE RICHARDS
PROPULSION LABORATORY
MARSHALL SPACE FLIGHT CENTER

FLIGHT CERTIFICATION DEFINITION

THE METHODOLOGY AND PROCESS BY WHICH WE
GAIN THE CONFIDENCE TO FLY INCLUDING:

- DESIGN METHODOLOGY

« ANALYSIS

- COMPONENT TEST

- SUBSYSTEM TEST

. SYSTEM DEVELOPMENT TEST
[ SYSTEM CERTIFICATION TEST |
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NASA CURRENT ROCKET ENGINE CERTIFICATION PSU
PROCESS

OPERATIONAL
USE
DESIGN PHILOSOPHY /
| PROBLEM Il —
FLEET DATA
REQUIREMENTS AREAS
« FUNCTIONAL
» RELIABILITY
« CERTIPICATION

DESIGN CERTIFICATION
TECHNOLOGY BASE ~——— =—s CERTIFICATION —» AND — USE
: SYSTEM PRODUCTION
* MATERALS + COMPONENT
+ ENGINEERNG . SUBSYSTEM TESTING
MANUFACTURING SYSTEM LEVEL
RELATED EXPENENCE
DESIGN
DUTY CYCLE

CERTIFICATION ISSUES

* NOINDUSTRY/GOVERNMENT WIDE RECOGNIZED RULES/REQUIREMENTS

- RULES AND REQUIREMENTS SET BY INDIVIDUAL AGENCIES
AND BY INDIVIDUAL PROGRAMS WITHIN AGENCIES

- PROCESSES ARE HISTORICALLY BASED AND HEURISTIC
HEAVILY DEPENDENT ON EXPENSIVE AND TIME CONSUMING TEST PROGRAMS
NO QUANTIFICATION OF ENGINE RELIABILITY
LITTLE CERTIFICATION AT COMPONENT LEVEL
NO EXISTING "SPACE BASED™ ENGINE CRITERIA
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ENGINE CHARACTERISTICS

ENGINE | THRUST ISP | WEIGHT | THRUST | MIXTURE | CHAMBER |F|T|OjO|AIN|G|E|S
TO RATIO PRESSURE|L|H|2|2{I|2|A|X|T
(LBr) (SEC) (LB) WEIGHT (o/r) (PSIA) |T|R|/{/|R|O|S|P|A
OJ|HiH|/|4 AjG
RiT|2|CIH|/]|G|N|E
E(T C|HIE|D
UL D|NJE|C
S|E Z R|O
E M
SSME 488,800}452.9 7,004 69.79 6.026 3,126 XXX X
r-1 1,748,200]304.1| 18,616 93.91 2.27 982 X X
J-2 230,000 425.0 3,454 66.59 5.5 780 "X X
RL-10 16,500]444.4 305 54.10 S5.04 465 s X X
LR87 529,000/ 298.0| 4,530 116.78 1.905 827 XjX
LR91 103,320]314.0 1,260 82.00 1.770 027 X|X
JET+ 15,000| ++ 2,300 6.00 N/A *4400 Xix X
(TYP)
* J=-2 THROTTLED MIXTURE RATIO BETWEEN 4.5 TO 5.5
RL-10 THROTTLED MIXTURE RATIO BETWEEN 4.3 TO 5.7

BURNER PRESSURE
MIXTURE RATIO IS 6.0 FOR SHUTTLE CENTAUR
TYPICAL FIGHTER ENGINE
EQUILVALENT Isp : CRUISE POWER 64 SEC AIR AND FUEL, 5100 SEC FUEL ONLY
AUGMENTOR POWER 99 SEC AIR AND FUEL,

ENG‘NE DESIGN AND MISSION REQUIREMENTS

ENGINE DESIGN DESIGN MISSIONS MISSION| MISSION
STARTS LIPE STARTS NOM TIME

SSME 55 27,000 8 1.1 1 520 §
r-1 20 2,250 8§ 1 1 165 8
J-2 30 3,750 8 1 1 380 8

2 150 8¢

350 S»
RL-10 20 4.500 8 1 2 700 S
LR87 12 1,980 8 b | 1 165 §
LR91 12 2,700 8 1 1 225 8

JETe¢ i
HOT PARTS 1,600 2,200 H 1,500 1l 2 H
COLD PARTS| 3,200 4,400 H 3,000 1l 2 H
* §-IVB Stage (Pirst Burn & Restart)

o+ TYPICAL FPIGHTER ENGINE
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STRUCTURAL DESIGN CRITERIA

DESIGN CRITERIA 8SME | P-1 | J-2 | JET | RL~10 | LRe7 | LR91
DESIGN LOADS
© WORST CASE X X X x x X X
© STATIC CONTRIBUTORS X X X x X X X
- 3 BIGMA LEVEL X X X X
- 2 BIGMA LEVEL x
© DYNAMIC CONTRIBUTORS X X X x X
MATERIAL PROPERTIES .
o MININUM X x x X X X X
GEOMETRY
o NINIMUM x X X x X X X
STRUCTURAL DESIGN FACTORS OF SAFETY
DESIGN FACTOR SSME r-1 | J-2 JET RL-10 | LR87 | LR91
ULTIMATE STRENGTH 1.4 1.5 | 1.5 1.5 1.5 1.4 | 1.4
YIELD STRENGTH 1.1 1.1 | 1 . . 1.0 | 1.0
PROOF REQUIREMENT 1.2 1.2 | 1.2 . 1.2 1.2 | 1.2
LOW CYCLE FATIGUE 4 XDSL | * | 2 x psL . . .
HIGH CYCLE PATIGUE 10 X DSL | » . (1) . . .

NOTES: (*) NO SPECIFICATION REQUIREMENT
DSL = DESIGN SERVICE LIFE ‘
(1) JET DESIGNED = 10 MILLION CYCLES FOR FERROUS ALLOY PARTS
= 30 MILLION CYCLES FOR NON-FEROUS ALLOY PARTS
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COMPONENT/SUBSYSTEM TESTING

TEST PERFORMED SSME | F-1 | J-2 | JBT | RL-10 | LR87 | LR92
COMPONENT STRUCTURAL TESTS (1) (1) (1) (2) (2) (2)
COMPONENT DYNAMIC TESTS ‘ X p X X NI X X
COMPONENT DURABILITY TESTS (2) X X NI NI
COMPONENT PROOF PRESSURE TESTS . ¢ (2) | (2) X b ¢ X X
COMPONENT SPIN TESTS (2) X
COMPONENT TESTING DURING DEVELOPMENT X X X X X X X
SUBSYSTEM OPERATIONAL VERIFICATION X X X X X X X
SUBSYSTEM TESTING DURING DEVELOPMENT : X X X X X X X

NOTE: (1) ALL MAJOR COMPONENTS
(2) CRITICAL COMPONENTS
NI = NO INFORMATION

SYSTEM LEVEL DEVELOPMENT TESTS

TEST PERFORMED SSME | F-1 | J-2 | JET | RL-10 | LR87 | LR91
SYSTEM LEVEL DYNAMIC TESTS x | x X X X x
SYSTEM LEVEL DURABILITY TESTS X b 4 X X X X X
SYSTEM LEVEL THERMAL TESTS 4) b 4 X X X X
SYSTEM LEVEL OPERATIONAL VERIFICATION X X X X X X X
SYSTEM LEVEL MARGIN TESTS X X X X X X X
OTHER SYSTEM LEVEL TESTS (3) (1) (2) (2)
svéﬁn LEVEL TESTING PRIOR TO PLIGHT X X X X X X X

TY OF ENGINE TO INJEST OBJECTS AND TO CONTAIN FAILURES ARE ALSO VERIFIED

LALCP 2 LS

CAPABIL

X

ENGINE STORAGE CAPABILITY IS EVALUATED
THERMAL PROTECTION S8YSTEM T